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EXPEEIMENTS    ON    THE    FLOW    OF    WATER 
IN    A    48-INCH    PIPE. 


By  F.  P.  Stearns,  M.  Am.  Soc.  C.  E. 
Read  October  1st,  1884. 

WITH  DISCUSSION. 

These  experiments  are  a  part  of  the  series  made  upon  the  Boston 
Water  Works  a  few  years  since,  and  a  brief  mention  of  them  has  already 
been  made  in  a  previous  paper.*  The  chief  interest  in  them  is  due  to 
the  fact  that  they  are  beyond  the  limit  of  previous  carefully  conducted 
pij>e  experiments,  both  in  size  of  pipe  and  volume  of  water. 

The  pipe  was  on  the  line  of  the  Sudbury  Conduit,  being  used  to 
carry  water  across  a  valley.  It  was  a  cast-iron  pipe,  coated  with  Dr. 
Angus  Smith's  coal-tar  preparation,  and  several  measurements  showed 
that  it  had  been  cast  very  exactly  48  inches  in  diameter.  The  different 
sections,  each  12  feet  long,  fitted  one  another  well.     In  plan  the  pipe 


*  Description  of  some  Experiments  on  the  Flow  of  Water,  by  A.  Fteley  andF.  P.  Stearns, 
Transactions  of  the  Society,  Vol.  XII.  No.  CCJJII,  .Tan uary— March,  1883. 
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was  straight.  In  elevation  it  was  sloping  at  either  side  of  the  valley  at 
the  rate  of  17  feet  per  100,  and  between  these  slopes,  in  the  bottom  of 
the  valley,  it  was  nearly  level  and  under  a  head  of  48  feet.  The  length 
of  the  level  portion  was  1  124  feet,  being  a  little  more  than  two-thirds  of 
the  total  length  of  1  747  feet.  The  changes  in  direction  were  made  by 
two  vertical  curves,  one  of  500  and  the  other  of  1  170  feet  radius.  The 
mean  pressure  on  the  pipes  during  the  experiments  was  41  feet.  The 
pipes  had  been  laid  three  years,  and  had  been  in  use  two,  when  the  ex- 
periments were  made,  yet  the  tar  coating  presented  nearly  as  good  a  sur- 
face as  when  it  was  new. 

The  formula  adopted  for  calculating  the  results  is  one  frequently 
used  for  flow  in  pipes  and  channels.     It  is  : 

v  =  c  i/  R 1, 
in  which 

v  =  velocity  in  feet  per  second, 

c  =  a  co-efficient, 

B  =  the  mean  radius,  or  hydraulic  mean  depth, 

1  =  the  sine  of  the  inclination,  or  loss  of  head  per  unit  of  length. 

In  pipe  experiments,  the  data  required  to  obtain  the  value  of  c  in  the 
formula  quoted  are  the  diameter  and  length  of  the  pipe,  the  volume 
flowing,  and  the  loss  of  head  due  to  the  resistance  to  flow  within  the 
pipe.  The  diameter  and  length  being  already  known,  only  two  un- 
known quantities  remain. 

The  volume  flowing  was  measured  at  a  weir  about  10  miles  distant 
up  the  conduit  from  the  pipe,  and  to  this  measurement  three-tenths  of  a 
cubic  foot  per  second  was  added  for  filtration  into  the  conduit  below  the 
weir.  The  amount  of  the  filtration  was  determined  from  fairly  good 
data;  but,  even  if  somewhat  inaccurate,  it  bas  little  importance,  as  its 
whole  effect  was  less  than  1  per  cent.  The  weir  used  was  19  feet  long, 
and  had  previously  been  tested  by  the  actual  measurement  of  the  water 
passing  over  it.*  The  heights  of  the  hook  gauges  were  tested  at  the 
time  of  these  experiments  and  all  necessary  precautions  were  taken  to 
insure  accuracy  of  measurement  and  a  steady  flow. 

The  loss  of  head  in  a  length  about  60  feet  shorter  than  the  whole 
length  of  pipe  was  measured.  This  method  was  adopted  to  avoid  in- 
cluding in  the  measurement  the  loss  of  head  at  the  entrance  of  the  pipe, 

*  A  description  of  the  experiments  made  to  test  the  weir  is  given  in  the  Transactions  of  the 
Society,  Vol.  XII,     February,  1883,  p.  Gl  et  seq. 
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the  gain  or  loss  at  the  exit,  the  effect  of  two  rather  sharp  curves  (30  feet 
radius)  near  the  ends  of  the  pipe,  and  several  other  disturbing  causes. 

The  apparatus  used  for  taking  the  heads  was  as  follows  :  In  each  of 
the  pipe- chambers,  at  either  end  of  the  pipe,  there  was  a  float-gauge  de- 
signed for  permanent  use  in  measuring  the  height  of  the  water  in  the 
chambers.  This  consisted  of  a  vertical  iron  cylinder,  12  inches  in  diam- 
eter, plugged  at  the  bottom;  in  this  cylinder  was  a  hollow  brass  float, 
with  a  suitably  guided  stem,  carrying  an  index  up  and  down  the  face 
of  a  graduated  scale.  Water  was  admitted  to  the  float  cylinder  through 
a  small  pipe  leading  from  the  centre  of  the  pipe-chamber,  the  flow  being 
controlled  by  a  stop- cock.  Connected  with  the  float- cylinder  was  a 
small  brass  cup,  having  a  level  top  of  known  elevation.  By  filling  the 
cylinder  until  the  cup  was  even  full,  the  position  of  the  index  was  ad- 
justed. 

For  the  purposes  of  these  experiments,  the  small  pipes  leading  from 
the  float-cylinders  were  extended  into  the  ends  of  the  48-inch  pipe,  along 
its  bottom,  about  33  feet.  The  last  7  feet  of  each  of  these  small  pipes 
was  a  smooth,  straight  brass  tube,  with  several  holes  drilled  in  its  top, 
and  with  its  end  plugged.  In  the  opinion  of  many  physicists,  the  head 
measured  under  these  circumstances  would  be  affected  by  suction  due  to 
the  velocity  of  the  water  passing  the  holes  in  the  pipe.  This  view, 
however,  seems  to  be  conclusively  disproved  by  the  careful  and  numer- 
ous experiments  on  the  subject  by  Mr.  H.  F.  Mills,*  who  found  that  no 
such  suction  takes  place  when  sufficient  care  is  taken  to  have  the  holes 
in  and  normal  to  a  plane  surface  parallel  with  the  current.  A  few  experi- 
ments by  the  writer  f  sustain  the  conclusions  of  Mr.  Mills.  It  is  be- 
lieved that  the  required  care  was  taken  in  these  pipe  experiments. 

The  heights  of  the  gauges  at  the  two  pipe-chambers  were  compared 
when  there  was  no  flow,  and  the  water,  being  dammed  below,  stood  at 
the  same  level  at  each.  This  method  of  comparison  was  checked  by  in- 
strumental levels,  previously  taken,  to  0 .  008  of  a  foot.  The  heights  of 
the  indexes  of  the  gauges  were  adjusted  before  the  experiments,  and  were 
tested  during  their  progress,  and  found  not  to  have  changed. 

The  precaution  was  taken  to  expel  all  air  from  the  small  pipes  leading 
to  the  gauges,  by  pouring  water  into  the  float-cylinders,  and  so  causing 

*  Experiments  upon    Piezometers  used  in  Hydraulic  Investigations,  by  Hiram  F.  Mills, 
C.  E.,  p.  52,  Proceedings  of  the  American  Academy  of  Arts  and  Sciences,  1878. 
t  Transactions  of  the  Society,  Vol.  XII,  January,  1883,  p.  35. 
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a  swift  flow  outward  through  the  small  pipes.  Iu  the  last  two  experi- 
ments, in  addition  to  the  above,  the  floats  were  pressed  down  and  held 
until  some  of  the  water  had  been  forced  out  of  the  cylinders,  and  when 
released  there  was  a  rapid  inward  flow.  Whether  the  water  in  the  cylin- 
ders was  raised  or  lowered,  it  returned  after  a  short  time  to  the  same 
normal  level. 

The  writer  was  unable  to  conduct  these  experiments  in  person,  owing 
to  other  engagements,  but  he  gave  detailed  instructions  as  to  the  work 
to  be  done  to  assistants  who  had  previously  had  considerable  experience 
in  this  class  of  work. 

The  features  common  to  all  of  the  experiments  are  as  follows  : 

Diameter  of  pipe  (D) 4.000  feet. 

Area  of  pipe  (A) 12.566  sq.  ft. 

Mean  radius  (r=  -  J 1.000  foot. 

Length  of  pipe  used  in  the  experiments,  )      ^  P,„  2  fPPt 
measured  along  its  axis j  '     ' 

Temperature  of  water  about  38°  Fahrenheit. 
The  variable  features  are. shown  in  the  following  table  : 


Experiment 
No.  1. 

Experiment 
No.  2. 

Experiment  Experiment 
No.  3.             No.  4. 

Date 

May  1,  1880. 
32.8G7 

2.016 

0.5557 
0.0003181 
146.67 

May  5,  1880. 
46.972 

3.738 

1.243 

0.0007115 
140.14 

62.391 

4.965 

2.133 
0.0012206 
142.11 

77  852 

Mean  velocity,  ft.  per  sec.  (v  —  -  \ 

Value  of  c  in  the  formula,  v  —  c  \/Rl 

6.195 

3.230 

0.0018485 
144.09 

An  examination  of  the .  last  line  of  the  table  shows  that  in  the  last 
three  experiments  the  co-efficients  increase  gradually  with  the  velocity, 
as  might  be  expected  from  existing  knowledge  of  the  subject.  The  first 
experiment  appears  to  be  anomalous,  though  there  was  nothing  noted 
at  the  time  it  was  taken  to  indicate  why  it  is  so. 

I  will  next  present  some  comparisons  of  these  results  with   those 
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obtained  by  others,  using  for  this  purpose  as  the  result  of  these  experi- 
ments an  average  of  the  last  three,  as  follows  : 

Mean  velocity 4 .  966  feet. 

Mean  co-efficient 142.11 

Mean  value  of  E  1 0.001221 

A  comparison  with  formulas  based  upon  the  older  experiments, 
including  the  formulas  of  Prony,  Eytelwein,  D'Aubuisson,  Weisbach, 
Neville  and  others,  shows  that  they  give  results  from  35  to  45  per  cent, 
too  low. 

Darcy 's  formula  for  flow  in  clean  cast-iron  pipes  is  : 

aj=(0.00007726+0007162)^ 

For  a  pipe  4  feet  in  diameter,  this  formula  may  be  reduced  to  the 
form,  v  =  c/yli  I,  the  value  of  c  being  112.6.  This  co-efficient  requires 
to  be  increased  about  26  per  cent,  to  equal  the  one  found  by  our  experi- 
ments. The  Darcy  formula  given  above  is  the  one  usually  quoted,  and 
it  was  deduced  by  him  from  experiments  on  uncoated  pipes.  He  made 
some  experiments,  however,  in  which  he  compared  the  flow  in  coated 
and  uncoated  pipes  about  8  inches  in  diameter,  and  he  found  that  the 
co-efficient  deduced  from  the  former  was  about  16  per  cent,  larger  than 
the  other.*  Assuming  the  same  ratio  to  hold  good  for  4-feet  pipes,  his 
result  would  be  but  about  9  per  cent,  too  low. 

The  experiments  of  Hamilton  Smith,  Jr.,f  M.  Am.  Soc.  C.  E.,  are 
not  so  easily  comparable,  as  he  has  deduced  no  formula  from  his  results. 
He  has,  however,  drawn  upon  a  diagram,  representing  the  results  of  his 
experiments,  a  series  of  curves  showing  the  co-efficients  for  pipes  up  to 
30  iuches  in  diameter.  In  order  to  make  some  kind  of  a  comparison,  I 
have  extended  this  series  of  curves,  and  find  for  a  48- inch  pipe,  and  a 
velocity  of  5  feet  per  second,  a  co-efficient  of  128  to  compare  with  our 
experimental  value  of  142.1.  Such  a  comparison  as  this  is  obviously  only 
a  rough  approximation. 

The  experiments  of  J.  Nelson  Tubbs,J  M.  Am.  Soc.  C.  E.,  on  the  flow 


*  Recherches  experimentales  relatives  au  mouvement  de  l'eau  clans  les  tuyaux.  Henry 
Darcy,  Paris,  1857,  p.  IOC. 

t  The  Flow  of  Water  through  Pipes,  by  Hamilton  Smith,  Jr.,  Transactions  of  the 
Society,  Vol.  XII,  No.  CCLIV,  April,  1883. 

t  Report  of  the  Chief  Engineer  of  the  Rochester  Water  Works,  Jan.,  1877. 
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through  the  Rochester  compound  pipe,  gives  a  co-efficient  of  130 .  The 
flow  took  place  through  nearly  equal  lengths  of  pipes  2  and  3  feet  in 
diameter,  but  since  about  &  of  the  loss  of  head  occurred  in  the  smaller 
pipe,  the  co-efficient  may  be  considered  as  applicable  to  a  pipe  2 . 1  feet 
in  diameter.  Correcting  for  the  difference  in  the  size  of  the  pipes  by 
curves  on  Mr.  Smith's  diagram  extended  as  above  described,  the 
Rochester  experiment  would  give  for  a  48-inch  pipe  a  co-efficient  of 
about  140.5;  and  a  further  slight  correction,  due  to  the  velocity  in  the 
Rochester  pipe  being  somewhat  smaller  than  in  the  Boston  one,  will 
increase  the  co-efficient  until  it  nearly  coincides  with  that  found  by  us. 
Other  methods  of  correcting  for  the  difference  in  the  sizes  of  the  pipes 
would  have  given  nearly  the  same  results . 

Mr.  J.  T.  Fanning,  M.  Am.  Soc.  C.  E. ,  gives  in  his  work  *  a  table  of 
velocities  in  clean  iron  pipes  corresponding  to  given  slopes  and 
diameters.  For  the  conditions  given  in  our  experiments,  the  velocity 
taken  from  the  table  is  4.61  feet  per  second,  while  the  observed  velocity 
was  4.966  feet,  the  difference  being  between  7  and  8  per  cent. 

The  writer  examined  the  experiments  made  by  Dr.  Lampe  at  Danzig, 
but  since  they  vary  both  in  velocity  and  size  of  pipe  from  our  experi- 
ments, they  are  not  readily  comparable  with  them. 

The  results  of  his  experiments  appear  to  be  somewhat  larger  than 
those  of  Hamilton  Smith,  Jr.  These  experiments  of  Lampe  seem  to  be 
a  valuable  addition  to  the  existing  data  on  flow  in  pipes,  and  the  writer 
having  reduced  them  to  feet  measures,  will  give  their  principal  features 
in  an  appendix. 

In  addition  to  the  experiments  which  are  the  subject  of  this  article, 
some  others  were  previously  made  in  the  same  locality,  the  flow  taking 
place  through  two  4-feet  pipes  at  the  same  time.  In  these  experi- 
ments the  total  loss  of  head  from  pipe-chamber  to  pipe-chamber  was 
measured.  In  order  to  obtain  the  friction  head,  so  called,  it  would  be 
necessary  to  make  corrections  for  velocity  of  approach,  loss  of  head  at 
entrance,  gain  (or  loss)  of  head  at  exit,  and  for  some  imperfections  in 
the  arrangement  of  the  sm  11  pipes  leading  to  the  gauge-cylinders.  In 
two  out  of  the  three  experiments,  the  case  was  further  complicated  by 
the  large  pipes  not  being  full  at  their  upper  ends. 

*  A  Treatise  on  Water-Supply  Engineering,  by  J.  T.  Fanning,  New  York,  1877,  p.  262. 
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Without  making  any  of  the  above  corrections,  the  following  results 
are  obtained  : 

Velocity.  Co-efficient. 

2.497  feet  per  second,  130.2 

3.121     "      "        "  130.6 

4.437     "      "        "  136.1 

If,  in  the  last  experiment,  the  head  is  corrected  for  loss  at  entrance, 
upon  the  assumption  that  the  head  lost  was  only  that  theoretically  re- 
quired to  produce  the  velocity,  then  the  co-efficient  becomes  148.5  in- 
stead of  136.1.  This  is  only  one  correction  of  several  that  should  be 
made,  but  for  making  which  there  are  no  data. 

These  three  experiments  are  given  only  as  a  rough  check,  tending  to 
show  that  the  others  are  not  unreasonably  large  in  their  results. 

Some  of  the  experiments  of  Darcy  and  Bazin  *  show  that  the  same 
co-efficient  may  be  applied  to  a  tube  running  full  or  half  full.  Assum- 
ing this  to  be  true,  some  of  their  experiments  with  channels  may  be 
compared  with  our  pipe  experiments.  They  give  for  a  semi-circular 
channel,  about  4  feet  in  diameter,  lined  with  pure  cement,  and  running 
nearly  full  with  a  velocity  of  6  feet  per  second,  a  co- efficient  of  154  ; 
while  our  pipe  experiments  with  the  same  velocity  gave  but  144.  When 
the  same  channel  was  lined  with  cement,  mixed  with  one-third  fine  sand, 
the  co- efficient  corresponded  quite  closely  with  that  obtained  from  the 
pipes. 

From  the  comparisons  that  have  been  made,  it  may  be  inferred  that 
our  experiments  have  furnished  unusually,  but  not  unreasonably,  high 
results  ;  also  that  the  older  formulas  are  entirely  inapplicable  to  new, 
large  coated  pipes.  On  the  other  hand,  a  formula  giving  as  high  results 
as  our  experiments  would  be  inapplicable  to  uncoated  pipes,  or  to  any 
pipes  in  which,  on  account  of  long  use,  tubercles  had  begun  to  form. 

*  Recherches  Hydrauliques,  pp.  176,  177. 
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ABSTRACT  OF  DR.  LAMPE'S  EXPERIMENTS  ON  THE  FLOW 
THROUGH  A  PIPE-CONDUIT  OF  THE  DANZIG  WATER 
WORKS.  * 


The  flow  took  place  through  a  cast-iron  coated  pipe  of  English  man- 
ufacture, 1.373  feet  in  diameter.  The  sections  of  pipe  were  each  12  feet 
long,  and  there  were  no  sharp  bends.  The  length  of  pipe  used  in  the 
experiments  varied  from  4^  to  6  miles.  The  pressures  were  measured  at 
many  points  by  a  mercury  pressure  gauge,  and  the  hydraulic  grade  line 
was  found  to  be  practically  straight.  Four  experiments  were  made,  but 
the  first,  a  preliminary  one,  was  not  considered  accurate. 

Other  features  of  the  experiments  are  shown  in  the  following  table: 


Experiment 
No.  1. 

Experiment 
No.  2. 

Experiment 
No.  3. 

Oct.  8,  '70. 
3.671 

Experiment 
No.  4. 

Oct.  17,  '69. 
4  575 

Mar.  19,  '71. 
4.011 

Oct    1,  '70 

Volume,  cubic  feet  per  second. 

(«) 

2.334 

Mean  velocity,  ft.  per  sec.  (  v  = 

■-?) 

3.090 

2.709 

2.479 

1.577 

Mean  radius, 

(R) 

0.3432 

0.3432 

0  3132 

0.3432 

Loss  of  head  per  foot, 

[Q 

0.00195 

0.00163 

0.001376 

0.0005915 

Value  of  c  in  the  formula,  v  = 

Cs/RI 

119.4 

114.6 

114.1 

110.7 

DISCUSSION. 
Rudolph  Hebing,  M.  Am.  Soc.  C.  E. — In  connection  with  this 
subject,  I  would  like  to  allude  to  Kutter's  formula.  In  a  paper  I  read 
before  the  Society,  October  16th,  1878,f  advocating  the  use  of  this 
formula,  because  it  appeared  to  be  the  most  rational  one  then  known, 
and  I  believe  known  to  this  day,  I  gave,  page  11,  values  of  n  (co-effi- 
cient of  roughness)  deduced  from  numerous  experiments,  and  suggested 
the  value  of  n  =  0.011  for  iron  pipes.  This  gives  a  value  for  the  co- 
efficient c,  in  Mr.  Stearns'  paper,  of  141,  or  substantially  equal  to  the 
one  obtained  from  his  experiments,  which  was  142.11. 

*Der  Civilingenieur,  1873. 

*  Transactions  of  the  Society,  Vol.  VIII,  No.  CLXXVI,  January,  1879. 
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The  effect  of  the  roughness  of  the  wetted  perimeter  is  so  great  that, 
for  instance,  -when  the  surface  is  equal  to  that  of 

A  plaster  of  pure  cement,  the  co-efficient  would  be  156,  or 
"        "  cement,  with  J  sand,     "  "        141,   " 

Unplaned  timber,  "  "        128,   " 

Brick  work,  "  "         117, 

the  latter  being  25  per  cent,  less  than  for  pure  cement. 

The  surface  of  a  cast-iron  pipe  in  good  condition  would  (and  I  think 
every  one  will  admit)  have  about  the  roughness  of  ordinary  plaster 
mixed  of  cement  and  sand,  and  be  neither  as  smooth  as  pure  cement 
nor  as  rough  as  unplaned  timber,  therefore  not  difficult  to  fix  within 
reasonable  limits. 

In  using  Kutter's  formula,  we  would,  consequently,  select  a  co-effi- 
cient of  about  141.  If  our  judgment  would  indicate  a  greater  smooth- 
ness tban  such  a  plaster,  but  still  much  less  than  that  of  a  pure  cement, 
which  would  require  15G,  we  might  use  say  145,  and  the  velocity  ascer- 
tained would  no  doubt  be  nearer  the  truth  than  by  using  141. 

The  proper  selection  of  the  coefficient  c,  therefore,  clearly  depends 
entirely  upon  the  judgment  of  the  engineer,  as  I  think  it  should,  and  is 
entirely  out  of  the  range  of  a  purely  theoretical  consideration,  because, 
how  is  it  possible,  with  our  present  knowledge,,  to  introduce  the  feature 
of  roughness,  a  slight  variation  of  which  in  the  above  cases  exercises 
such  a  great  effect,  otherwise  than  by  judgment  ? 

When  in  Europe  the  last  time  I  was  pleased  to  see  how  the  use  of 
Kutter's  formula  was  extending,  the  only  drawback  seeming  to  be  its 
complicated  structure.  But  diagrams  were  being  gradually  substituted 
for  it. 

As  far  as  eight  years  of  my  own  experience  goes  with  the  diagram  I 
presented  to  the  Society  (Transactions,  January,  1879),  but  limited  to 
small  channels,  I  can  state  that  the  results  have  been  far  more  satisfac- 
tory than  those  obtained  from  the  old  formulas,  and  that  the  labor  of 
calculation  was  reduced  to  a  minimum. 

Samuel  H.  Yoxge,  M.  Am.  Soc.  C.  E.  — There  appears  to  be  no 
good  reason  why  observation  No.  1  in  Mr.  Stearns'  paper  should  be 
discarded,  as  it  is  not  apparent  why  and  in  what  manner  any  errors 
should  have  been  made  in  determining  the  value  of  either  R,  I,  or  v, 
and  it  seems  arbitrary  to  reject  this  observation  simply  because  it  does 


10  DISCUSSION    ON    FLOW    IN    PIPES. 

not  fit  into  a  formnla  which  may  not  be  strictly  applicable  to  this  case. 
In  the  formula,  v  =  c  -J '  R I:  the  value  of  c,  viz.,  142.11,  is  considered  a 
constant,  in  deriving  which  the  first  observation  was  omitted.  By  con- 
structing a  diagram  in  which  the  observed  velocities  are  plotted  as 
ordinates  and  the  s/R  I  as  abscissas,  it  will  be  seen  that  the  ratio 
between  velocity  and  s/RI  is  not  constant,  as  the  most  probable  mean 
line  for  the  points  evidently  is  not  a  straight  line,  but  a  curve.  It  also 
appears  from  such  a  diagram  that  the  first  observation  accords  well  with 
the  others.  All  of  the  observations  given  are  therefore  used  in  the  fol- 
lowing calculation,  in  which  the  relation  between  R I  and  v  is  inves- 
tigated by  the  method  of  least  squares  on  the  basis  of  the  general 
equation, 

R 1  =  Ac2  +  Bv  +  G, 

in  which  A,  B  and  G  are  constants. 

By  substituting  the  values  of  R  I  and  v,  as  determined  by  the  obser- 
vations, we  derive  the  following  observation  equations,  viz. : 

.0003181=  6.843456^1  +  2.616  B  +  C, 
.0007115  =  13.972644  A  4-  3. 738  B  4-  G, 
.0012206  =  24.651225  A  +  4.965  B  4-  C, 
.0018485  =  38.378025  A  +  6.195  B  +  C. 

From  which  the  following  normal  equations  are  deiived  : 
Normal  in  A. 
.1131495040071  =  2322.623367275922  ^+430.277421168  5  +  83.845350  C. 

Normal  in  B. 
.0210034731  =  430.277421168  A  +  83. 845350  5  +  17.514  G. 

Normal  in  G. 
.0040987  =  83.845350  A  +  17.514  B  +  4  G. 
Combining,  substituting  and  solving,  the  following  values  are  ob- 
tained, viz.  : 

^  =  .00003345534, 

B  =  .000131874, 
C  =  — .  0002540040, 
which,  substituted  in  the  general  equation,  becomes 

RI  =.00003345534  v  2  +.000131874  v  —  . 0002540040. 


Hence  v  =  —  1.970896  +  y  11.476761052816  +  29890.594446  RI, 
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which  may  be  put  iu  the  more  convenient  form  : 


v  =  — 1.9709  -f 172.889  y.  0003839600  +  R  I. 

In  applying  the  Chezy  formula  to  all  the  observations,  the  value  for 
c  that  will  make  the  differences  between  the  observed  and  computed 
velocities  balance  is  obtained  by  dividing  the  sum  of  the  observed 
velocities  by  the  sum  of  the  square  roots  of  R  I,  which  will  make 
c  =  143. 0408. 

In  the  accompanying  table  the  velocities  are  computed  by  the  Darcy 
formula  for  clean  cast-iron  pipes,  by  the  Chezy  formula  with  the  value 
of  c  as  derived  by  Mr.  Stearns,  and  also  with  the  value  of  c  just  given, 
and,  finally,  by  the  empirical  formula  derived  from  the  observations, 
and  given  above. 

A  graphical  representation  of  the  computed  velocities,  given  in  the 
table,  is  shown  in  the  accompanying  diagram.  The  line  representing 
the  Chezy  formula  with  c  =  143.0108  is  not  plotted,  as  it  would  cause 
confusion.  The  Darcy  formula  used  is  the  one  quoted  by  Mr.  Stearns 
for  clean  cast-iron  pipes. 

As  the  formula  presented  above  is  purely  empirical,  and  derived  from 
the  few  observations  given  for  the  one  size  of  pipe,  it  is  not  claimed  to 
be  generally  applicable  to  pipes  of  different  diameters.  All  that  is 
claimed  for  it  is,  that  it  fits  the  observations  given  more  closely  than 
the  Chezy  formula  with  any  constant  value  for  c,  and  also  that  it  shows 
that  the  first  observation,  which  Mr.  Stearns  discards  as  anomalous,  is 
normal. 

F.  P.  Stearns,  M.  Am.  Soc.  C.  E.— I  am  inclined  to  add  to  Mr. 
Hering's  remarks  about  Kutter's  formula,  partly  to  endorse  his  advocacy 
of  it,  and  partly  to  call  attention  to  some  of  its  defects. 

For  an  endorsement  of  the  formula,  I  can  say  that  I  think  it  the  best 
formula  for  general  use  now  known,  one  which  will  suit  fairly  well  most 
cases  to  which  a  formula  for  flow  in  channels  will  apply,  and  which  will 
give  quite  accurate  results  with  small  channels  under  the  conditions 
which  ordinarily  occur  in  practice,  much  more  accurate  than  auy  formula 
based  upon  experiments  made  prior  to  those  of  Darcy  and  Bazin. 

Kutter's  formula  as  applied  to  brick-lined  channels  is  based  upon 
Darcy  and  Bazin's  experiments,  made  in  a  small  rectangular  brick 
channel,  concerning  which  Bazin  says,  that  the  value  of  c  is  too  small 
for  brick  work  executed  with  care,  and  that  the  bricks  were  not  of  good 
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quality,  and  presented  at  many  points  a  rather  rough  surface.  They 
were  laid  with  their  flat  sides  exposed. 

Rectilinear  channel-sections  give  smaller  co-efficients  than  curved 
ones,  and  this,  taken  in  connection  with  the  roughness  of  the  channel  ex- 
perimented upon,  seems  to  be  a  good  reason  for  supposing  that  Kutter's 
formula  (n=.013)  will  give  too  small  results  when  applied  to  the  usual 
forms/>f  conduits,  lined  with  well-laid  brick  masonry. 

The  Sudbury-Conduit  experiments*  furnish  instances  of  higher 
values  of  c  for  brick-lining  than  Kutter's  formula,  as  may  be  seen  by  the 
following  examples  : 

When  i?=0.7f  ft.,  and  the  inclination  is  .02  per  100, 
the  value  of  c  given  by  the  experiments  is 122 

By  Kutter's  formula 104 

When  R=2.0  ft.  with  same  inclination,  c  by  the  experi- 
ments is 138 

By  Kutter's  formula 129 

Where  the  conduit  was  lined  with  pure  cement  (i?=2.0 
feet,  inclination  .016  per  100),  the  value  of  c  by  the 
experiment  is 148 

By  Kutter's  formula  (n=.010) 169 

In  this  case  the  experiment  gives  lower  results  than  the  formula. 

Kutter's  formula  is  often  recommended  for  calculating  sewer  dis- 
charges. When  so  used,  I  think  it  gives  too  large  results  when  applied 
to  smooth  linings,  since  sewers  in  many  cases  are  coated  with  slime, 
which  forms  the  surface  against  which  the  water  flows.  The  writer  has 
seen  such  a  coating  where  the  velocity  was,  at  times,  seven  feet  per 
second. 

Since  the  formula  is  based  upon  the  flow  of  clean  water,  the  co- 
efficient (c)  should  be  reduced  when  estimating  the  flow  of  sewage  ;  not 
because  the  latter  is  thick  and  viscous,  but  because  of  the  quantity  of 
matter  carried  in  suspension — a  quantity  which  is  probably  as  great 
when  the  street  washings  enter  the  sewers  during  storms  as  it  is  when 
only  the  ordinary  volume  of  sewage  is  flowing. 

*  Transactions  of  the  Society,  vol.  XII,  March,  1883,  p.  115. 

t  This  value  of  jR  agrees  with  an  average  of  the  largest  five  of  Darcy  and  Bazin's  experi- 
ments. The  average  value  of  c  by  these  experiments  was  109,  which  is  identical  with  the 
result  given  by  Kutter's  formula  under  the  same  conditions,  thus  showing  the  basis  of  the 
formula.     The  inclination  was  0.49  per  100. 
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The  writer  has  recently  made  a  few  experiments  upon  the  Boston 
Main  Drainage  Works  bearing  upon  this  point.  The  experiments  were 
made  in  a  straight,  covered  wooden  flume,  G  feet  square,  made  of  planed 
planks,  put  on  lengthwise  of  the  flume,  which  was  free  from  all  obstruc- 
tions on  the  inside.  When  the  flume  was  flowing  about  half  full  of 
ordinary  sewage  (R  =  IA3,  inclination  .04  per  100)  two  experiments 
gave  c  =  117.  Kutter's  formula  for  planed  plank  [n=  .009),  under  the 
same  conditions,  gives  c  =  183.  When  the  flume  was  full,  under  a  slight 
pressure,  and  about  three  parts  of  salt  water  were  mixed  with  one  part 
of  sewage  (22  =  1.5,  inclination  .08  per  100),  one  experiment  gave  c  = 
135,  Kutter's  formula  giving  c  =  185.  It  will  be  seen  that  in  these  cases 
Kutter's  formula  gives  too  high  results,  and  they  would  still  be  too  high 
if  it  were  clean  water  flowing  against  clean  planks.  Kutter's  value  of  n 
(.009)  for  this  category  is  based  upon  some  experiments  made  in  a  chan- 
nel only  4  inches  wide,  and  its  use  should  be  restricted  to  channels  of 
about  this  width. 

As  a  condensed  statement  of  my  views  regarding  Kutter's  formula, 
based  largely  upon  the  data  here  given,  I  will  say  that,  while  I  advocate 
the  formula  as  being  the  best  general  one  now  known,  I  would  modify  it 
by  placing  icell  laid  brick  masonry  in  the  category  with  unplaned  plank- 
ing (;i=.012),  and  by  placing  well  planed  timber  with  well  polished 
pure  cement  (?i  =  .010);  even  with  the  latter  value  of  n  I  would  not 
accept  the  very  high  values  of  c  which  it  gives  for  channels  more  than  4 
feet  in  diameter.  In  estimating  the  capacity  of  sewers,  I  would  not  use 
a  smaller  value  of  n  than  .012  for  any  lining,  however  smooth,  and 
would  deduct  from  10  to  20  per  cent,  from  the  results  then  found,  to 
allow  for  the  sewage  flowing  more  slowly  than  clean  water. 

Mr.  Yonge  has  taken  the  equation  v  =  14:2 .  11  \/  HI  as  a  pipe  formula 
given  by  me,  though  no  such  use  was  intended;  the  equation  being  a 
mean  value  of  the  experiments  used  for  purposes  of  comparison  with 
existing  formula). 

If  all  of  the  observations  were  normal,  as  Mr.  Yonge  suggests,  then 
the  value  of  c  would  decrease  with  the  velocity  to  a  certain  point,  and 
then  increase;  thus  presenting  a  peculiarity  which  is  contrary  to  well 
established  laws  relating  to  the  flow  of  water  in  pipes.  This  peculiarity 
must  be  embodied  in  any  formula  which  will  fit  all  of  the  experiments. 

That  a  formula  will  agree  with  such  a  limited  number  of  experiments 
proves  nothing,  since  the  formula  to  do  so  may  itself  be  anomalous;  and 
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that  this  is  the  tendency  of  Mr.  Yonge's  may  be  seen  by  calculating 
with  it  the  flow  in  a  48-inch  pipe  with  smaller  values  of  /  and  v.  We 
find  from  such  calculations  these  remarkable  results:  That  water  with 
no  inclination  flows  backward  through  the  pipe  with  a  velocity  of  1 .  42 
feet  per  second,  and  that  with  an  inclination  about  double  that  given  to 
the  new  Croton  Aqueduct,  the  water  absolutely  refuses  to  move. 

Edwakd  B.  Doksey,  M.  Am.  Soc.  C.  E. — In  the  paper  by  Messrs. 
Fteley  and  Stearns,  on  page  117,  Vol.  XII,  are  mentioned  some  experi- 
ments on  flow  of  water  through  a  tunnel  unlined. 

As  some  gentlemen  present  probably  know  the  facts  connected  with 
those  experiments,  I  would  like  to  ask  how  rough  the  surfaces  of  that 
tunnel  were  left ;  whether  they  consisted  of  many  rough  and  small 
points  as  would  be  left  by  running  with  the  strata  through  compact 
limestone  where  the  maximum  and  minimum  diameters  would  not  vary 
much  ;  or  were  the  faces  such  as  would  be  left  in  running  through 
granite  or  other  igneous  rock  which  would  be  liable  to  break  off  in  large 
slabs,  showing  smooth  cleavage  or  fracture,  but  giving  large  variations 
in  maximum  and  minimum  diameters  ? 

F.  P.  Steaens,  M.  Am.  Soc.  C.  E.— In  answer  to  Mr.  Dorsey,  I  will 
say,  that  the  surfaces  of  the  tunnel  were  generally  in  the  condition  de- 
scribed by  him  in  the  latter  part  of  his  question.  The  floor  of  the  tunnel 
was  formed  of  concrete,  so  that  but  about  40  per  cent,  of  the  wetted 
perimeter  was  the  rough  rock  surface. 

Wm.  E.  Hutton,  M.  Am.  Soc.  C.  E. — From  his  experiments  on  the 
flow  of  water  in  pipes,  Darcy  concludes  that  the  co-efficients  vary  with 
smoothness  of  the  interior  surfaces  and  with  the  diameter  of  the  pipe. 
The  formula  quoted  by  Mr.  Stearns  is  for  new  cast-iron  pipes.  Darcy 
recommends  that  for  old  pipes,  which  always  become  more  or  less  rough, 
these  co-efficients  be  doubled,  and  that  for  pipes  of  smooth  glass,  and 
those  coated  with  asphalt,  they  be  multiplied  by  0 .  67.  Applying  the 
Darcy  formula  with  these  corrections,  to  the  conditions  of  Mr.  Stearns' 
experiments,  and  changing  to  the  Chezy  form,  we  obtain  for  the  co- 
efficient 138,  or  about  3  per  cent,  less  than  the  'mean  of  those  given  by 
those  experiments.  At  a  later  date,  Kutter  established  a  formula, 
which,  conforming  more  closely  to  observation  in  the  case  of  open  chan- 
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nels,  inh-oduced  the  slope  into  the  equation  for  the  co-efficient;  the  latter 
increasing  with  the  inclination  (in  the  Chezy  form)  whenever  the  mean 
radius  is  less  than  1  metre.  Although  the  formula  is  purely  empirical, 
it  represents  with  considerable  accuracy  the  flow  in  open  channels,  and 
we  may  reason  that  the  same  general  principles  would  apply  to  the  flow 
in  pipes.  The  experiments  of  Mr.  Stearns  point  in  the  same  direction, 
and  even  indicate  that  in  small,  smooth  channels,  the  inclination  has  a 
greater  effect  upon  the  discharge  than  is  shown  by  the  Kutter  formula. 
Assuming,  in  the  Kutter  formula,  the  co- efficient  of  rugosity  n  = 
0.0108,  we  obtain  the  following  comparisons: 

Value  of  c,  experiment  No.  1.  .computed  141.4,  observed  146.37 

"  2..    "    143.1,    "    140.14 

"  3..    "    143.7,    "    142.11 

"     "  4..    "    144.1,    "    144.09 

The  observed  co-efficient  increasing  much  more  rapidly  with  the  in- 
clination than  those  computed  by  Kutter's  rule,  experiment  No.  1 
being  evidently  abnormal. 

During  the  discussion  of  this  paper  the  question  was  asked,  with 
reference  to  a  preceding  paper  by  Messrs.  Fteley  and  Stearns  upon  the 
Sudbury  Conduit,  what  would  be  the  co-efficient  of  flow  through  a  rough, 
unlined  tunnel  in  rock. 

There  are  but  few  records  and  experiments  upon  this  subject,  which 
may  be  at  times  of  great  importance.  Mr.  Hamilton  Smith,  Jr.,  M. 
Am.  Soc.  C.  E. ,  has  kindly  furnished  me  with  his  notes  upon  a  num- 
ber of  small  open  channels  in  rock,  in  which,  however,  the  velocity  was 
very  great,  and  whose  alignment  contained  many  sharp  curves  and  bends, 
producing  at  such  points,  he  informs  me,  an  evident  increase  of  slope. 
Applying  the  Chezy  formula  to  these  cases,  the  co-efficient  was  found  to 
vary  from  30  to  50.  The  International  Commission  of  1874  upon  the 
Danube,  say  that  they  find  the  Darcy-Bazin  formula,  with  the  co-efficients 
of  the  fourth  category  doubled  (those  for  channels  in  earth),  gives  good 
results  for  the  Iron  gate  and  other  rocky  rapids  of  that  stream.  In  1874 
Mr.  Bazin  published  a  fifth  category,  based  upon  later  experiments  for 
rough  and  rocky  beds.  More  recently  Kutter  collected  a  number  of 
experiments  upon  streams  whose  beds  were  very  rough,  and  gives  a  co- 
efficient of  rugosity  to  be  used  in  bis  formula  for  the  co  efficient,  and 
since  the  reading  of  the  paper  under  discussion,  Major  Lydecker,  United 
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States  Engineers,.  Chief  Engineer  of  the  Washington  Aqueduct,  has 
kindly  directed  gaugings  to  be  made  of  the  flow  through  one  of  the  rock 
tunnels  of  that  work,  and  Captain  Symons,  of  the  same  corps,  Superin- 
tending Engineer  of  the  work,  sends  me  the  results,  which  have  been 
reduced. 

Mr.  A.  J.  Bowie,  Jr.,  M.  Am.  Soc.  C.  E.,  in  a  recent  paper  on  mining 
ditches  in  California,  gives  co-efficients  for  small  channels  similar  to 
those  referred  to  by  Mr.  Hamilton  Smith,  Jr.,  in  which  his  co-efficient 
is  made  to  cover  all  losses  by  evaporation,  filtration,  &c,  &c.  It  is  not 
stated  that  these  ditches  were  in  rock. 

The  results  of  the  foregoing  are  given  in  the  following  table : 
Hamilton  Smith,  Jr.  (includes  fall  due  to  bends)  c  =  30 .  to  50 . 

International  Commission  on  the  Danube 50 . 7 

Bazin,  New  Category 49 . 7 

Washington  Aqueduct,  Tunnel  No.  1  (fall  very  slight) .       48 . 0 

Kutter,  from  Swiss  Experiments 46 .  36 

Bowie     (includes    losses   from    evaporation,    filtration, 
&c) 31.  to  45. 

We  should  expect  a  considerable  variation  in  the  results,  for  the  same 
degree  of  roughness  will  not  probably  exist  in  any  two  excavations.  The 
co-efficients  will  also  vary  with  the  velocity,  that  is  with  the  mean  radius 
and  the  inclination;  neither  can  the  sections  upon  which  the  determina- 
tion of  the  co-efficient  depends  be  accurately  measured  in  rough  rock. 
The  figures,  however,  may  serve  as  a  guide  in  designing  similar  works. 

Bazin's  formula  for  the  relation  of  mean  to  maximum  velocity,  which 
he  found  to  vary  with  the  roughness  of  the  walls,  seems  to  apply  pretty 
well  to  the  Washington  Aqueduct  observations,  although  Major  Cun- 
ningham (Roorkee  Hydraulic  Experiments),  found  it  to  give  erroneous 
results. 

The  aqueduct  observations  also  indicate  the  unreliability  of  slope 
formulas  when  the  slope  is  measured  on  the  remous  caused  by  an  ob- 
struction ;  in  this  case  on  the  curve  connecting  the  slope  in  the  conduit 
with  the  reservoir  surface.  Cunningham,  it  will  be  remembered,  goes 
much  farther  in  his  statement  of  the  case,  and  considers  that  experiments 
are  not  entirely  reliable  if  the  bottom  of  the  channel  at  the  site  is  lower 
than  the  bottom  of  any  point  further  down  stream. 
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COMMERCIAL    CITIES:    THE    LAW    OF    THEIR 
BIRTH  AND  GROWTH. 


By  Alfred  F.  Sears,  M.  Am.  Soc.  C.  E. 
Bead  November  5th,  1884. 


WITH  DISCUSSION. 


It  is  a  part  of  the  experience  of  every  civil  engineer  who  has  been 
much  concerned  in  the  development  of  ways  of  communication,  that 
the  popular  judgment  often  turns  on  his  opinion  as  to  the  effect  of  any 
certain  work  on  existing  towns  and  the  policy  of  locating  new  com- 
mercial centres. 

On  account  of  the  influence  of  railroads  and  capital  in  rooting  out 
old  stage  stations  and  in  building  up  some  prairie  towns  or  manufac- 
turing and  suburban  villages,  it  has  come  to  be  believed  that  these 
agencies  are  able  to  control  the  fortunes  of  whatever  place,  and  are  all 
that  is  requisite  to  bring  new  cities  into  being  and  maintain  them  in 
prosperity. 

The  Atlantic  coast  is  strewn  with  ruined  hopes  in  the  shape  of  still- 
born cities,  having  excellent  harbors  and  abundance  of  water  front,  of 
which  the  only  raison  d'etre  is  superior  facility  of  access  from  the  ocean. 
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These  harbors,  which  have  not  become  the  important  ports  they  were 
expected  to  prove,  are  generally  the  object  of  enterprise,  begotten  by 
the  virile  brain  of  civil  engineers  impregnating  the  waiting  capital  of 
speculation. 

There  has  been  abundant  honesty  of  purpose  in  the  design,  and  no 
excessive  credulity  in  the  investment ;  but  there  appears  a  failure  to 
comprehend  and  appreciate  the  laws  of  trade  affecting  the  project. 

Thus,  while  the  subject  of  this  paper  is  outside  the  domain  of 
physical  science,  it  is  within  the  province  of  the  engineer,  and  is  a 
matter  concerning  which  he  is  fairly  expected  to  be  informed  as  an 
authority. 

It  becomes,  therefore,  a  proper  study  for  the  profession  to  ascertain 
if  capital  is  justified  in  assuming  to  control  the  solution  of  so  important 
a  problem,  and  whether  there  is  not  involved,  as  superior  to  capital,  a 
natural  law,  the  elucidation  of  which  shall  aid  in  the  settlement  of  these 
questions. 

If,  in  preparing  this  paper,  it  has  been  found  useful  to  refer  to  enter- 
prises not  yet  released  from  the  field  of  speculation,  it  is  without  the 
intention  to  advertise  the  chances  for  or  against  any  scheme,  the  sole 
object  being  to  gather  facts  that  may  be  formulated  into  an  expression 
of  law  as  a  scientific  demonstration.  As  this  investigation  proceeds, 
the  problem  undertaken  appears  so  clear,  and  the  conclusions  so  natural 
and  just,  that  one  is  almost  deterred  by  their  simplicity  from  stating 
them  so  formally.  But  when  we  reflect  that,  however  clear  and  natural 
and  just  the  truth  seems  to  he,  many  of  the  wisest  men  of  affairs  are 
constantly  failing  in  this  field,  we  recognize  the  necessity  for  such  a 
statement  as  shall  make  it  not  only  positive,  but  tangible,  and  remove 
as  far  as  can  be,  a  certain  class  of  speculation  from  the  region  of  chimera 
to  a  field  of  certainty. 

Forty  years  ago,  when  the  Unicorn,  the  pioneer  steamer  of  the 
Cunard  line,  entered  Boston  harbor,  the  merchants  of  that  enterprising 
town  felt  assured  of  commercial  triumph  in  the  race  with  New  York, 
because  they  were  twenty-four  hours  nearer  Liverpool  than  their  sister 
city. 

Some  not  too  "wise  men  of  Gotham"  were  alarmed,  and  wondered 
if  they  had  not  committed  an  error  when  they  settled  in  the  Dutch 
metropolis,  although  the  population  of  New  York  was  300,000  and 
Boston  contained  but  a  third  of  that  number. 
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To-day  New  York  is  the  centre  of  a  population  of  three  million  souls, 
and  Boston  of  but  little  more  than  a  half  million. 

A  steamer  leaves  New  York  daily  for  Liverpool,  and  another  sails 
once  a  week  from  Boston. 

To  the  wonderment  of  the  Boston  merchants,  New  York  and  not 
Boston  has  become  the  commercial  metropolis  of  the  country. 

In  those  days  Boston  boasted  the  one  or  two  wealthy  men  of  America. 
A  Boston  bank  note  was  as  current  all  over  the  country  forty  years  ago 
as  a  national  bill  of  the  present  time.  This  could  never  be  said  of  the 
New  York  banks,  nor  of  any  other  city  in  the  United  States. 

The  Boston  business  man  figured  up  the  situation  logically,  as  it  ap- 
peared on  the  surface  of  things,  quite  in  his  favor.  He  said :  We  have 
the  American  port  nearest  Europe  by  24  hours  ;  we  have  an  enormous 
capital,  and  can  offer  trade  every  facility  it  demands  ;  we  have  the  most 
intelligent  population,  the  purest  municipal  government,  the  highest 
reputation  for  commercial  honor  ;  all  this  with  extraordinary  business 
liberality  and  enterprise.  "  The  solid  men  of  Boston  "  stood  for  a  busi- 
ness proverb. 

Nevertheless,  New  York  has  pushed  ahead,  and  no  amount  of  money 
expended  by  Boston  to  tap  by  a  short  route  the  western  country  north  of 
New  York,  or  to  draw  traffic  directly  from  New  York  by  shorter  railway 
lines,  has  yet  effected  the  object  of  the  projectors,  or  is  likely  to. 

On  investigation,  this  result  appears  in  harmony  with  a  natural  order 
independent  of  the  enterprise,  wealth  and  character  of  merchants. 

New  York  is  more  than  200  miles  nearer  the  heart  of  the  country  than 
Boston.  This  made  her  advantage.  The  moving  mass,  that  seeks  trans- 
portation, reckons  that  distance  to  be  as  nothing  on  the  ocean,  compared 
with  the  cost  of  movement  on  land  or  river. 

The  cargo  of  a  great  steamer  transported  between  New  York  and 
Boston  forty  years  ago  would  have  demanded  the  service  of  ten  loco- 
motives and  four  hundred  cars.  On  board  the  ocean  steamer  it  repre- 
sents only  the  comparatively  inexpensive  continuance  of  her  voyage  for 
another  day. 

New  York  and  Boston  are  not  sole  examples  of  such  a  relation  of 
things.  Going  south,  we  find  that  every  commercial  port  has  been  made 
the  mark  of  ambitious  rivals,  under  the  mistaken  apprehension  that  an 
error  was  committed  in  the  original  location. 

Thus,  Philadelphia  on  the  Delaware,  120  miles  from  the  ocean,  has 
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grown  into  grand  proportions,  and  continues  to  grow,  in  spite  of  the  des- 
perate exertions  of  two  or  three  ports  greatly  nearer  the  highway  of 
nations.  Commerce  refuses  to  be  persuaded  to  avoid  a  tedious  naviga. 
tion  against  the  chances  of  head  winds  in  a  narrow  roadway  and  avail 
itself  of  a  port  easy  of  access  in  the  lower  bay. 

Another  instance  of  the  perversity  of  commerce  in  passing  by  great 
advantages  to  get  up  stream  is  witnessed  in  the  position  of  Baltimore,  108 
miles  from  Hampton  Koads. 

Circumstances  of  the  Civil  War  led  to  the  development  by  northern 
capital  of  one  of  those  enterprises  on  the  southern  coast  that  was  to  rev- 
olutionize the  commerce  of  the  region  and  destroy  the  two  old  cities  of 
Savannah  and  Charleston.  A  harbor  nearer  the  sea  and  accessible  to 
vastly  greater  ships  than  can  enter  Charleston  was  found  at  Port  Royal, 
which,  it  was  believed,  would  drain  both  those  towns  of  their  wealth 
and  population.  Capital  seized  the  point  and  tapped  the  neighboring 
country  with  its  railroad.  Streets,  wharves,  warehouses,  corner  lots  and 
advertisements  flourished  for  a  time.  But  Port  Royal  is  a  dull,  insig- 
nificant shipping  station,  while  Charleston  and  Savannah  remain  live 
cities. 

For  30  years  capital  has  struggled  to  build  a  commercial  city  at 
Brunswick,  Georgia,  in  rivalry  with  Savannah.  The  capital  and  the 
superior  facilities  and  the  22  feet  of  water  on  the  bar  all  still  exist  there, 
but  as  yet  no  important  port  has  arisen  from  their  ingenious  combina- 
tion. 

A  rather  interesting  experience  of  similar  character  is  found  in  the 
history  of  Jacksonville  and  Fernandina,  on  the  coast  of  Florida ;  both 
places  insignificant,  to  be  sure,  but  serving  our  present  purpose  of 
illustration . 

Jacksonville  is  on  the  St .  John's  River,  25  miles  from  its  mouth, 
at  a  point  where,  after  descending  its  whole  course  toward  the 
north,  it  turns  abruptly  eastward  and  flows  directly  to  the  ocean.  At 
this  elbow  the  stream  becomes  a  broad,  grand  river,  so  that  vessels 
which  cross  the  bar  can  reach  the  town  under  sail. 

The  twenty-five  miles  from  the  ocean  is  just  that  distance  inland, 
since  its  course  is  normal  to  the  coast. 

At  the  best  of  times,  13  feet  of  water  can  be  taken  in,  but  ves- 
sels often  have  to  wait  the  abatement  of  a  gale  before  making  the  ven- 
ture.    It  would  be  difficult  to  find  a  more  dreaded  bar  on  the  coast. 
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When  the  enterprise  which  located  itself  at  Fernandina  was  begun 
in  1857,  Jacksonville  had  a  population  not  exceeding  fifteen  hundred 
souls. 

Fernandina  was  65  miles  farther  north,  and  by  so  much  nearer 
the  world.  Ships  drawing  19  feet  entered  there  on  ordinary  tides,  while 
22  feet  can  be  carried  in  during  the  spring  floods  of  each  month. 

Few  enterprises  have  had  the  advantage  of  more  distinguished  ad- 
vertising than  Fernandina.  By  the  energy  and  influence  of  a  leading 
member  of  the  National  Senate  the  place  seemed,  in  some  sort,  a  pet 
of  the  Government.  Army  engineers  surveyed,  located  and  built  the 
railroad  from  Fernandina  to  the  Gulf,  and  no  approach  to  any  har- 
bor on  the  Atlantic  coast  was  so  well  buoyed  as  the  bar  of  Cumberland 
Sound. 

An  immense  gift  of  land  aided  in  the  construction  of  works  and 
purchase  of  material,  and  the  hopeful  speculators  of  the  place  had  the 
supreme  satisfaction  of  seeing  iron  shipped  to  their  port  for  the  Jack- 
sonville Kailroad  rather  than  encounter  the  dangers  of  the  St.  John's  bar. 

The  two  railroad  lines,  stretching  from  these  points  to  the  interior, 
crossed  each  other  in  the  pine  forest  at  a  distance  of  19  miles  from 
Jacksonville  and  47  miles  from  Fernandina.  So  Jacksonville  was  28 
miles  nearer  the  heart  of  the  country  than  its  rival ;  and,  moreover, 
was  situated  on  a  fine  river,  watering  a  region  thus  made  tributary 
to  the  town  and  reducing  cost  of  transportation  to  a  point  below  that 
which  permits  any  land-line  to  be  its  competitor. 

When  the  war  came  upon  that  coast  both  places  were  abandoned  by 
the  native  population,  and  after  its  close  both  became  objective  points 
of  interest  to  northern  emigrants. 

The  uniform  result  has  followed.  Fernandina  is  a  respectable 
village,  with  a  population  of  twenty-five  hundred  souls,  while  Jackson- 
ville has  already  fifteen  thousand  inhabitants. 

Nor  is  this  condition  of  things  confined  to  the  American  Continent; 
Europe  presents  similar  illustrations.  Glasgow,  on  the  Clyde,  owes  its 
wonderful  growth  and  prosperity  to  its  position  at  the  head  of  navi- 
gation— an  artificial  harbor,  made  practicable  by  its  propinquity  to 
the  coal  and  iron  of  the  country.  Sixty  years  ago  a  grown  man  could 
wade  the  Clyde  at  Glasgow  without  wetting  his  shoulders,  and  today 
no  ship  is  engaged  in  the  commerce  of  the  world  that  fears  to  charter 
for  that  port. 
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Time  was  when  wise  men  thought  to  build  a  port  on  the  Elbe,  below 
Hamburg,  and  Altoona  was  started  as  a  rival  to  the  great  capital.  It 
had  the  backing  of  a  patriotic  and  ambitious  government,  and  for  a 
time  did  seem  to  threaten  the  existence  of  the  ancient  port.  At  present, 
however,  it  is  only  the  suburban  home  of  the  successful  retired  Ham- 
burg merchant,  and  the  ships  pass  it  by  to  enter  the  Hamburg  docks. 

If  the  Atlantic  coast  is  prolific  in  illustrations  for  this  study,  the 
Northwest  territory,  along  the  valley  of  the  Columbia  and  the  shores  of 
Puget  Sound,  also  abounds  in  lessons  to  the  same  end. 

The  relation  to  the  commercial  world  of  Astoria,  on  the  Columbia 
River,  is  an  interesting  instance  of  the  conflict  of  capital  with  law  in  the 
attempt  to  regulate  commerce. 

Founded  by  one  of  the  wealthiest,  most  enterprising  and  far- 
seeing  citizens  of  the  country,  it  became,  as  it  was  intended  by  him 
to  become,  the  depot  of  the  fur  trade  of  the  Northwest.  But  when  the 
fur  trade  failed,  and  simply  a  home  market  existed  for  the  salmon  of  the 
Columbia,  the  men  who  had  staked  their  fortunes  or  their  hopes  on 
that  important  point  beheld  with  new  satisfaction  the  settlement  by 
Americans  of  the  great  Willamette  Valley  above  them.  It  was  a  natural 
expectation  that  Astoria  would  become  the  port  of  the  region. 

It  has  grown  continually,  and  is  still  growing,  but  this  town,  situated 
but  a  few  miles  above  the  Columbia  River  bar,  with  a  life  covering 
three-quarters  of  a  century,  has  during  the  last  twenty-five  years  seen 
Portland  come  into  being  a  hundred  miles  above,  and  attain  a  population 
of  40  000,  while  Astoria  has  never  yet  sheltered  more  than  3  000  souls. 

Fourteen  years  ago,  capitalists  interested  in  developing  the  promising 
points  along  the  route  of  the  Northern  Pacific  Railroad  determined  that 
the  Columbia  terminus  of  the  Pacific  Division  of  that  line,  sixty  miles 
above  Astoria,  must  become  the  commercial  port  of  that  great  river 
system,  and  the  town  of  Kalama  was  located  where  stream  and  rail- 
road were  designed  to  meet. 

Maps  were  prepared,  hotels  and  churches  erected,  elevators,  ware- 
houses and  great  docks  projected  ;  and  the  line  of  the  Northern  Pacific 
Railroad  built  hence  to  Puget  Sound. 

By  virtue  of  its  future  outlook,  Kalama  became  a  county  seat.  Cor- 
ner lots  in  the  heart  of  the  town  plat  sold  for  $3  000  each  ;  water  lots 
were  laid  out  along  the  river  bank,  and  sold  for  the  sum  of  nearly  $3  000 
per  100  feet  of  frontage. 
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Kalama  still  exists,  but  only  in  name.  The  Columbia  River  still 
flows  by  its  site,  as  broad  and  deep  as  when  Jay  Cooke  made  note  of  its 
promise  ;  but  the  once  well-tilled  churches  are  abandoned  for  want  of 
congregations  ;  a  corner  of  the  grand  hotel  serves  the  purpose  of  court- 
house and  jail ;  the  splendid  water  lots  still  remain  under  the  shadow 
of  primeval  trees,  the  only  improvement  they  have  experienced  being 
in  a  reduction  of  annual  tax  from  $28  to  14  cents. 

And  yet  this  bubble  was  the  scheme  of  men  eminent  for  wisdom.  It 
was  inspired  by  eminent  engineers  and  accepted  by  intelligent  capital- 
ists. Nor  can  there  be  any  doubt  of  the  uprightness  of  intention  when 
we  consider  the  high  character  of  the  men  who  gave  the  project  their 
approval  and  practical  endorsement. 

Kalama  is  but  one  of  several  similar  experiments  that  have  sprung 
from  the  fruitful  womb  of  Northwestern  enterprise. 

It  would  seem  that  a  sufficient  statement  of  fact  has  now  been  pre- 
sented to  justify  a  consideration  of  the  premises  that  immediately  de- 
termine the  location  of  a  commercial  port. 

The  producer  of  a  given  region,  whether  artisan  or  farmer,  will  de- 
liver his  wares  at  such  point  as  will  entail  on  him  the  least  cost  of 
transportation  ;  he  goes  to  the  port  that  he  can  reach  by  the  shortest 
road. 

Again,  there  is  never  competition  to  sell  among  producers.  Hence 
they  are  outside  the  struggles  of  trade  ;  they  are  not  found  crowding 
forward  toward  the  purchaser,  the  agent  of  the  consumer,  the  export- 
ing merchant.  Indeed,  the  chances  are  that  crops  will  be  sold  in  the 
first  instance  on  the  soil  that  bore  them. 

If  producers  were  competitors,  commercial  towns  would  be  pushed 
toward  the  sea  to  catch  the  first  chance  at  the  customer  from  abroad  ; 
and  farmers,  turned  speculating  capitalists,  would  become  the  origi- 
nators and  managers  of  railroad  lines.  On  the  contrary,  the  agents  of  the 
consumers,  the  merchants,  who  send  the  crops  abroad  and  import 
the  goods  they  barter  in  exchange,  are  the  men  who  jostle  each 
other  in  the  marts,  who  push  into  the  interior  of  a  country,  to  get  as 
near  to  the  field  of  produce  as  they  can  reach. 

Thus  it  is  that  a  great  commercial  city  cannot  be  reared  near  the 
coast  at  any  site  which  a  large  ship  can  pass  and  sail  inland  to  load  or 
even  unload. 
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From  all  these  elements  we  deduce  the  proposition  that :  The  commer- 
cial port  of  a  region  will  be  as  close  to  the  producer  as  it  is  possible  to  go,  and 
obtain  reasonably  good  facilities  for  the  class  of  transportation  demanded  by 
the  produce  of  the  country. 

This  is  the  law — the  inexorable,  immutable  law,  without  exception, 
in  the  world's  economy. 

Nevertheless,  not  a  decade  passes  without  adding  a  new  experiment 
to  the  list  of  failures;  and  the  failure  has  been  universal,  so  far  as  the 
destruction  of  the  inland  port  has  been  concerned.  We  are  not  free 
to  accuse  shrewd  business  men  of  attempting  to  oppose  their  own 
force  to  established  law  ;  but  we  may  fairly  suppose,  and  we  repeat  it, 
that  the  law  has  not  been  apprehended,  or,  at  least,  that  its  value  has 
not  been  appreciated.  If  we  may  judge  by  the  common  argument,  we 
are  justified  in  believing  that  the  greater  number  of  intelligent  men  of 
enterprise  consider  the  location  of  capital  at  a  given  point  by  far  the 
most  important  factor  in  determining  the  location  of  towns  and  ports; 
and  this  is  precisely  their  blunder. 

It  is  difficult  to  account  for  the  singular  persistency  with  which  this 
mistake  of  capital  is  repeated,  since,  in  whatever  direction  Ave  turn, 
the  one  law  is  exemplified — the  one  lesson  taught.  In  accordance  with 
this  law,  Montevideo,  on  the  outer  coast  of  South  America,  has  a  popu- 
lation of  forty  thousand,  while  Buenos  Ayres,  a  hundred  and  thirty  miles 
up  the  river,  contains  nearly  a  half  million  inhabitants.  Guayaquil,  in 
the  edge  of  a  sickening  swamp,  might  have  been  healthily  placed  forty 
miles  further  down  stream,  at  a  point  famed  for  its  salubrity,  imposing 
forty  miles  less  of  river  navigation  with  equally  good  anchorage  and  better 
potable  water  for  a  population.  The  expense  of  transporting  the  products 
of  the  country  by  the  agency  of  native  boatmen  on  balsas  or  in  canoes  to  a 
situation  where  whites  can  live  without  fear  of  malignant  fevers, 
would  be  trifling  indeed  ;  but  such  a  course  would  separate  the 
speculator  from  his  game,  the  cocoa,  hides  and  woods  of  the  country, 
and  the  merchant  from  his  customers,  the  producers  of  those  articles, 
by  all  that  distance  of  forty  miles. 

Thus  far  we  have  demonstrated  the  law  by  which  the  great  com- 
mercial city  of  a  region  becomes  established,  and  we  have  attempted 
to  show  the  impracticability  of  building  up  between  the  centre  of 
production  and  the  sea  a  rival  port  of  sufficient  importance  to  seri- 
ously affect  the  stability  of  such  a  city. 
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There  now  occurs  an  important  consideration  bearing  on  the  ques- 
tion, which  was  barely  touched  in  discussing  the  relative  positions  of 
New  York  and  Boston.  It  was  said  that  Boston  capital  has  tapped 
the  country  north  of  New  York  in  the  hope  of  drawing  off  Western 
trade  to  itself.  The  result  of  the  Western  Railroad  has  not  been 
what  was  expected  of  it.  Troy  and  Albany  were  at  nearly  equal 
distances  from  New  York  and  Boston,  but  the  immense  capital  of 
the  Eastern  city  failed  to  seize  the  produce  of  the  West.  The  enter- 
prising Bostonian  saw  that  a  mountain  intervened,  and  he  pierced  the 
obstacle,  reducing  the  difficulties  of  transportation  to  their  lowest 
terms.  Still,  he  has  always  to  contend  against  one  radical  truth, 
which  he  is  either  ignoring  or  striving  to  eliminate  from  existence 
by  the  persistent  employment  of  capital.  This  truth  is,  that  trade 
follows  natural  channels  ;  that  the  staple  products  of  the  soil  and 
all  the  coarse  minerals  will  reach  the  coast  by  the  route  that  per- 
mits the  easiest  movement  with  least  artificial  aid. 

The  trade  of  a  country  will  not  cross  a  great  valley  even  to  reach 
a  market  of  the  first  importance.  It  will  either  create  centres  of 
exchange  in  such  valleys  or,  having  reached  them ,  follow  down  their 
course  to  a  port.  Thus,  Western  produce  reaching  the  Hudson  will 
follow  that  stream  to  New  York  for  exportation. 

In  the  Northwest,  the  relation  of  Portland  on  the  Willamette  to 
Puget  Sound  closely  resembles  that  existing  between  the  ports  of 
New  York  and  Boston.  Portland  occupies  the  site  of  a  great  com- 
mercial centre  for  an  immense  region.  All  the  country  west  of  the 
Rocky  Mountains  tributary  to  the  Northern  Pacific  Railroad  and 
seeking  an  outlet  on  the  coast  will,  on  going  westward,  make 
Ainsworth,  at  the  mouth  of  Snake  River  on  the  Columbia,  a  com- 
mon point  of  departure  for  Puget  Sound  as  for  Portland  ;  from  Ains- 
worth the  trade  will  either  descend  the  great  valley  or,  proceeding 
along  the  projected  line  of  railroad,  cross  the  Cascade  range  and  enter 
a  Puget  Sound  harbor. 

Here  occurs  a  problem  the  solution  of  which  is  peculiarly  the  duty 
of  the  civil  engineer. 

The  lineal  distance  from  Ainsworth  to  Puget  Soiind  differs  but 
little  from  the  distance  to  Portland. 

In  this  case  there  is  a  descent  of  more  than  300  feet  along  the 
Columbia  River  in  favor  of  west-bound  traffic. 
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In  the  other  a  summit  of  2  400  feet  is  to  be  overcome,  besides 
the  curvatures  of  a  sinous  mountain  line  and  the  increased  cost 
of  constructing  a  line  with  fairly  practicable  grades.  These  resist- 
ances, to  be  encountered  in  operating,  the  engineer  will  equate  with 
their  value  in  level  tangent  before  determining  which  terminus  is 
most  accessible  to  the  interior. 

In  looking  over  the  American  sea-coast  it  is  difficult  to  find  room 
for  more  speculations  of  this  class  than  those  now  presented  in 
the  extreme  Northwest.  But  the  student  will  find  an  abundant  field 
for  observation,  which  he  cannot  fail  to  regard  with  interest,  in  the 
development  of  commercial  cities  along  the  eastern  coast  of  South 
America,  where  in  the  present  and  the  next  generations  will  be 
opened  up  innumerable  grand  enterprises  in  regions  now  unoccu- 
pied, save  by  the  india-rubber  hunter  and  the  crocodile. 


DISCUSSION. 

John  Bogart,  M.  Am.  Soc.  C.  E. — The  proposition  advanced  by 
Mr.  Sears,  that  "a  great  commercial  city  cannot  be  reared  near  the  coast 
at  any  site  which  a  large  ship  can  pass  and  sail  inland  to  load  or  even 
unload,"  seems  inapplicable  to  the  port  of  New  York.  The  Hudson 
River  is  navigable  for  large  ships  at  least  seventy-five  or  one  hundred 
miles  above  New  York . 

Alfred  F.  Sears,  M.  Am.  Soc.  C.  E. — The  question  raised  by  Mr. 
Bogart  is  most  interesting  and  important,  and  demands  a  careful  analysis 
of  the  geographical  and  commercial  situation  through  its  history. 

By  the  law  announced  in  the  paper  under  discussion,  it  would  seem 
that  ships  ought  not  to  stop  at  New  York,  but  go  on  up  North  Eiver  to 
the  head  of  ship  navigation. 

If  New  York  had  been  intended  as  the  commercial  port  of  the  Hud- 
son River  valley,  this  would  be  true  ;  but  the  fact  is,  it  was  not  the  port 
of  that  valley  until  its  importance  forced  tribute  from  or  absorbed  every 
community  within  its  reach. 

Albany,  settled  in  1614,  was  the  all-sufficient  port  of  the  upper  Hud- 
son until  increased  population  and  development  gave  the  region  a  line 
of  foreign  commerce,  and  Hudson,  at  the  head  of  ship  navigation,  116 
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miles  above  New  York,  became  the  port  of  the  valley,  maintaining  an 
amount  of  shipping  superior  to  that  of  our  great  metropolis,  and  carry- 
ing on  trade  with  the  West  Indies  and  Europe,  besides  its  enterprise  of 
whaling  and  the  fisheries. 

But  the  valley  of  the  Hudson  is  restricted  in  breadth  ;  there  was  no 
great  extent  of  country  to  seek  its  waters  ;  going  up  the  Hudson  was 
not  approaching  the  heart  of  any  great  producing  region. 

The  birth  of  New  York  in  1623  was  an  existence  quite  independent 
of  the  river  valley.  It  was  the  centre  of  an  immense  coast  system,  in- 
cluding Manhattan,  Long  and  Staten  Islands  ;  New  Jersey,  directly 
west,  and  the  shores  of  Connecticiit.  The  valleys  of  the  Passaic  and 
Hackensack,  and  all  the  country  back  of  the  precipitous  west  bank  of 
North  River  found  the  Manhattan  port  more  accessible  than  other 
points. 

Meanwhde  Elizabeth  and  Newark  became  the  centres  of  promising 
agricultural  and  manufacturing  districts,  and  naturally  brought  their 
commercial  exchange  to  New  York  as  the  nearest  port. 

In  1812  the  Act  of  Embargo  destroyed  the  foreign  commerce  of 
Hudson,  which  was  henceforth  transferred  to  New  York.  But,  so  late 
as  this  date,  the  population  of  Philadelphia,  so  much  nearer  the  heart  of 
the  country,  was  greater  than  that  of  New  York,  and  remained  so  until 
work  on  the  Erie  Canal  had  progressed  three  years  and  made  the  canal 
a  certainty. 

The  belief  in  this  certainty  gave  impetus  to  values  immediately 
along  the  line  and  in  all  the  valley  of  the  Hudson. 

When  the  canal  was  opened  the  New  York  merchant  sent  forward  his 
agents  to  buy  up  grain  and  ship  to  his  port,  so  that  if  London,  Liver- 
2)ool  and  Hamburg  were  principal  grain  markets  in  the  world,  New 
York  stood  in  the  same  category,  and  its  population  was  doubled  in  the 
decade  that  saw  the  canal  finished. 

New  York,  therefore,  is  not  simply  the  commercial  port  of  the 
Hudson  River  valley,  but  of  half  the  continent,  and  owes  its  position, 
not  to  its  accessibility  from  the  ocean,  but  to  its  central  location  with 
relation  to  the  producing  region  directly  west  and  southwest,  as  well 
as  northwest. 

It  would  be  an  exceedingly  nice  problem  to  investigate  thoroughly 
the  history  of  our  commerce  in  its  relation  to  the  growth  of  our  princi- 
pal commercial  centre,  but  the  present  study  is  necessarily  brief. 
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Geokge  S.  Morison,  M.  Am.  Soc.  C.  E.— Major  Sears,  iu  his  paper 
on  the  birth  and  growth  of  commercial  cities,  claims  to  have  found  an 
inexorable  law  without  exception,  that  "the  commercial  port  of  a 
region  will  be  as  close  to  the  producer  as  it  is  possible  to  go  and  obtain 
reasonably  good  facilities  for  the  class  of  transportation  demanded  by 
the  produce  of  the  country."  The  statement  is  exceedingly  strong,  and 
he  adduces  many  instances  which  indicate  that  commercial  cities  have 
been  developed  on  this  basis.  No  amount  of  evidence,  however,  will 
prove  that  a  law  is  without  exception  in  the  world's  economy,  if  a  single 
instance  can  be  found  to  the  contrary. 

That  the  general  principles  of  such  a  law  are  correct  cannot  be  denied. 
A  commercial  port  from  its  very  nature,  as  being  the  gate  through  which 
the  commerce  of  the  interior  must  pass  to  the  ocean,  requires  convenient 
means  of  access  to  the  interior.  Between  ports  which  have  equally 
good  communication  with  foreign  lands,  that  is,  equally  good  harbors, 
the  one  which  has  the  best  communication  with  the  interior  productive 
country  may  be  expected  to  win.  It  does  not  follow,  however,  that, 
when  there  is  a  marked  difference  in  the  character  of  the  harbors,  as 
well  as  in  the  means  of  communication  with  the  interior,  the  latter  point 
alone  will  decide.  It  would  certainly  seem  right  that  there  should  be 
some  balancing  principle,  and  that  superior  advantages  in  the  matter  of 
harbor  could  overcome  a  portion  of  the  disadvantage  in  the  communi- 
cation with  the  interior.  In  other  words,  the  port  which  is  on  the  line 
of  the  cheapest  through  transportation,  where  the  sum  of  the  cost  of 
land  and  water  carriage  is  the  least,  is  the  one  from  which  most  may  be 
expected.  In  cases  where  there  is  not  too  great  a  difference  in  the  total 
cost  of  carriage  by  both  land  and  water,  local  circumstances  will  probably 
shape  the  character  of  a  town  ;  the  enterprise  of  its  population,  the  ac- 
cident of  its  having  been  established  first,  and  with  these  very  likely 
cheap  land  transportation  may  count  for  somewhat  more  than  cheap 
water  transportation  by  itself. 

When  we  consider  the  actual  circumstances  of  the  growth  of  cities,  it 
must  be  remembered  that  nearly  all  the  principal  seaports  of  this 
country  were  established  and  held  a  rank  which  approximates  to  their 
present  relative  rank  before  the  construction  of  railroads.  The  concen- 
tration of  capital  at  the  Atlantic  cities  made  these  cities  the  focal  point 
of  business  before  the  great  change  took  effect,  which  has  reduced  the 
cost  of  transportation  to  a  small  percentage  of  what  it  was  when  these 
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cities  were  built.  This  may  be  said  of  every  important  port  from  Port- 
land, Maine,  to  New  Orleans.  They  all  owe  the  details  of  their  location 
to  circumstances  which  preceded  the  present  conditions  of  transporta- 
tion. The  case  of  New  York  against  Boston  is  cited.  The  local  ad- 
vantages of  New  York  over  Boston  are  not  merely  that  New  York  is 
nearer  the  producing  country  of  the  interior  (practically  the  difference 
is  only  60  miles  instead  of  200),  but  New  York  harbor  is  a  better  harbor 
than  Boston  harbor  ;  it  is  no  deeper,  but  it  is  a  safer  harbor  to  approach 
in  rough  weather,  and  a  much  more  commodious  and  convenient  harbor 
when  once  entered. 

On  the  western  Gulf  coast  and  on  the  Pacific  coast  occur  the  two 
instances  of  the  most  modern  development  of  commercial  ports. 

Galveston  has  grown  up  as  the  commercial  port  of  Texas;  it  is  the 
only  Texan  port  having  a  tolerably  good  harbor,  but  ocean-going  vessels 
can  be  taken  up  nearly  to  Houston,  and  with  a  small  expenditure  of 
money  a  port  could  have  been  built  up  at  some  interior  point  on  Gal- 
veston Bay.  Galveston  is  built  on  a  sand-bar,  practically  fifty  miles 
from  any  agricultural  country,  directly  on  the  Gulf,  and,  whde  the 
wharves  on  the  inside  are  in  a  well  protected  harbor,  the  island  on  which 
the  city  is  built  is  exposed  to  the  violent  action  of  the  Gulf  waves.  The 
City  of  Houston  is  fifty  miles  nearer  the  agricultural  portions  of  the 
State;  the  railroads  centre  at  Houston,  and  a  single  line  connects  Hous- 
ton with  Galveston;  still  Galveston  is  the  commercial  metropolis  of 
Texas;  it  has  become  so  because  its  wharves  could  be  reached  with  less 
difficulty  than  those  of  Houston,  or  even  of  Harrisburg,  at  the  mouth 
of  Buffalo  Bayou. 

On  the  Pacific  coast,  there  is  the  case  of  San  Francisco.  San  Fran- 
cisco lies  between  San  Francisco  Bay  and  the  ocean;  it  is  on  a  narrow 
peninsula,  with  little  good  country  near  it,  and  may  be  said  to  be  sep- 
arated from  the  whole  agricultural  portion  of  California.  Before  the 
introduction  of  hydraulic  mining,  good  sized  vessels  could  go  up  to  Sac- 
ramento, and  the  largest  class  of  sailing  vessels  still  take  their  cargoes 
from  Benicia.  On  the  basis  of  the  law  which  Major  Sears  claims,  Sac- 
ramento, which  is  in  the  heart  of  the  great  valley  of  California,  and 
which  is  as  much  nearer  the  original  mining  districts  as  it  is  to  the  agri- 
cultural districts,  ought  to  have  become  the  commercial  metropolis  of 
California,  and  the  Sacramento  Paver  should  have  been  improved  instead 
of  being  allowed  to  deteriorate.      If,  however,  the  difficulties  of  river 
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communication  would  seem  too  great,  a  city  ought  to  have  grown  up  at 
Benicia,  or  some  point  above  that.  The  facts  are  precisely  the  reverse. 
Eeferring  now  to  the  case  of  Portland  as  against  Puget  Sound.  Port- 
land is  somewhat  more  than  one  hundred  miles  from  the  coast,  on  the 
Willamette  River,  a  short  distance  from  its  junction  with  the  Columbia. 
It  lies  at  the  mouth  of  the  Willamette  Valley,  which  is  the  oldest  agri- 
cultural portion  of  Oregon.  The  bar  at  the  mouth  of  the  Columbia 
River  is  a  source  of  serious  delays  to  vessels  entering  the  river,  and  shoal 
water  in  the  river  compels  the  lighterage  of  a  portion  of  the  cargo  at 
almost  all  seasons.  These  difficulties  represent  a  cost  of  not  less  than 
$1.50  per  ton.  In  other  words,  the  cost  of  chartering  a  vessel  to  take  a 
cargo  from  Portland,  with  allowance  for  lighterage,  etc.,  is,  at  least,  $1.50 
per  ton  more  than  to  take  the  cargo  from  a  port  on  Puget  Sound.  The 
improvement  of  the  channel  between  Portland  and  Astoria  and  the 
securing  of  deep  water  over  the  bar  of  the  Columbia  have  been  consid- 
ered, and  are  both  feasible;  they  are  operations,  however,  which  will 
take  much  time  and  money.  At  present  the  position  of  Portland  is  as 
above  described.  A  rate  of  $1.50  per  ton,  at  the  rates  which  the  trunk 
lines  are  now  receiving  for  their  through  business,  represents  three  hun- 
dred miles  of  railroad  transportation.  The  actual  distance,  as  stated  by 
Major  Sears,  from  a  common  point  in  the  productive  country  east  of  the 
Cascade  Mountains,  to  Puget  Sound  and  to  Portland  is  about  the  same. 
A  railroad  is  built  down  the  Columbia  Valley  from  Ainsworth  to  Port- 
land. A  railroad  is  building  across  the  Cascade  Mountains  to  Puget 
Sound.  The  cost  of  transportation  by  the  two  routes  will  not  differ 
materially,  but  this  is  due  to  the  poor  location  of  the  road  along  the 
Columbia  River.  If  both  roads  were  built  on  a  thoroughly  first-class 
standard,  the  one  down  the  Columbia  River  would  be  a  low-grade  route 
throughout.  The  other  one  would  be  a  low-grade  road,  except  for  about 
twenty-five  miles  in  each  direction,  where  assisting  power  would  have  to 
be  used  in  climbing  the  mountain  grades.  If  we  assume  the  cost  of  the 
assisting  power  to  take  a  train  up  a  mountain  grade  to  be  twice  as  much 
per  mile  as  the  present  rates  received  by  the  trunk  lines  for  their  through 
freight  (a  supposition  which  is  certainly  too  high),  the  actual  cost  of 
taking  this  business  to  Puget  Sound  instead  of  to  Portland  would  be 
about  25  cents  per  ton.  This  would  still  leave  an  advantage  of  $1.25 
per  ton  in  favor  of  the  Puget  Sound  port.  This  increased  cost  (which 
will  not  exist  until  the  road  along  the  Columbia  River  is  improved)  would 
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probably  be  borne  by  the  railroad  as  increased  expenses,  and  not  charged 
to  the  shipper;  but  assuming  it  to  be  borne  by  the  shipper,  it  would  still 
give  a  sufficient  advantage  to  a  Puget  Sound  port  for  the  handling  of  all 
business  from  east  of  the  Cascade  Mountains  to  divert  the  trade  in  that 
direction.  Portland  may  continue  the  largest  city  of  this  part  of  the 
country  for  many  years.  It  will  have  the  trade  of  the  Willamette  Valley 
to  live  upon,  and  its  banks  and  merchants  may  handle  the  business 
which  does  not  pass  through  their  own  city,  this  condition  not  being 
unlike  the  condition  which  is  likely  to  exist  between  St.  Paul  and  the 
port  at  the  west  end  of  Lake  Superior. 

Alfred  F.  Seaes,  M.  Am.  Soc.  C.  E. — In  replying  to  Mr.  Morison's 
remarks,  may  I  be  permitted  to  premise  that  if  what  I  have  laid  down 
as  law  admits  of  exception,  it  has  no  claim  to  be  called  law.  It  may  be 
a  general  rule  in  political  economy,  but  it  is  not  law. 

I  claim,  however,  to  have  stated  a  natural  law — a  law  in  political 
philosophy  ;  and  I  have  shown  how  the  violation  of  its  principles  has 
been  met  by  the  constant  penalty  of  violated  law,  i.  e.,  by  sacrifice,  loss 
and  failure. 

Mr.  Morison  has  reiterated  the  old  mistake,  when  he  declares  that 
"  the  port  which  is  on  the  line  of  the  cheapest  through  transportation, 
where  the  sum  of  the  cost  of  land  and  water  carriage  is  the  least,  is  the 
one  from  which  most  may  be  expected."  This  statement  reduces  a 
commercial  port  to  a  shipping  point,  and  nothing  more;  whereas  it  is 
that  point  which,  having  all  the  advantages  of  shipping  demanded  by 
its  class  of  transportation,  affords  at  the  same  time  the  closest  approach 
of  the  merchant  to  the  producer  with  whom  he  is  bartering  his  impor- 
tations . 

As  attention  has  already  been  given  to  the  port  of  New  York,  it  will 
scarcely  be  necessary  to  refer  to  it  again  ;  so  that  I  pass  to  consider  Mr. 
Morison's  reference  to  the  Texan  port. 

Galveston  can  hardly  be  called  a  harbor.  Like  all  Texan  ports  it  is 
an  open  roadstead;  safe  certain  months  in  the  year,  and  dangerous  at 
others.  Still,  it  is  the  best  to  be  had,  Houston  being  inaccessible,  save 
under  exceptional  circumstances.  Now,  the  law,  as  stated  in  this  paper, 
is  that  a  port  shall  afford  "  reasonably  good  facilities  for  the  class  of 
transportation  demanded  by  the  produce  of  the  country."  Galveston 
approaches  this  condition  nearer  than  any  other  port  by  a  vast  differ- 
ence, and,  therefore,  Galveston  is  the  port. 
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What  can  be  done  by  a  small  outlay  of  money  cannot  as  yet  be  fairly 
considered,  for  Texas  is  still  a  new  country,  and  must  accommodate 
itself,  for  the  present,  with  the  facilities  it  possesses  for  its  very  limited 
amount  of  shipping.  Glasgow  is  an  example  of  what  an  outlay  of 
money  in  the  way  of  improving  a  channel  will  accomplish,  and  perhaps 
Houston  may  one  day  be  another:  but  as  yet  the  money  has  not  been 
expended. 

"As  to  San  Francisco,  it  has  a  position  much  like  that  of  New  York, 
it  being  the  centre  of  an  extensive  coast  system. 

These  form  no  exceptions  to  the  law  stated  in  this  paper,  nor  even 
modifications  of  its  absolute  truth. 

Sacramento  is  the  port  of  the  upper  river  as  Benicia  is  the  port  of 
the  lower  Sacramento,  receiving  the  products  of  the  San  Joaquin  Valley. 
Tributary  to  them  is  a  population  of  more  than  200  000  inhabitants. 

But  San  Francisco  is  the  port  of  a  distinct  region.  It  is  not  only 
the  convenient  harbor  of  all  the  lower  bay  with  a  population  of  180  000, 
outside  of  its  own  municipal  limits,  but  is  the  only  first-class  harbor  on 
the  coast  between  Monterey  and  the  Columbia  Biver,  a  region  with  an 
additional  population  of  250  000  souls. 

As  the  little  ports  on  the  coast  bring  their  tribute  to  a  mart,  they  must 
find  a  harbor  as  near  at  hand  as  possible.  The  coast  with  the  Bay  shores 
is  the  producing  region  for  San  Francisco,  and  it  is  located,  therefore, 
where  it  is,  not  to  be  accessible  to  the  ocean,  to  Yokohama  and  Hong 
Kong,  nor  yet  to  the  Sacramento  Valley,  which  has  its  own  port,  as 
admitted  by  Mr.  Morison,  but  to  the  numberless  inlets  along  the  Pacific 
shores  north  and  south  of  there,  which  ship  their  produce  in  schooners 
and  small  steamers  to  the  nearest  great  harbor. 

Like  New  York,  being  the  centre  of  varied  products  from  a  vast  area, 
San  Francisco  is  a  convenient  manufacturing  point  and  has  become  the 
port  of  a  population  of  700  000  souls,  not  including  the  Sacramento  and 
San  Joaquin  valleys.  On  this  account  it  has  become  a  commercial 
market,  and  has  absorbed  the  capital  of  the  inferior  river  ports.  "With- 
out New  York  and  San  Francisco,  the  valleys  above  them  would  ship 
directly  to  Liverpool  or  some  other  market.  That  has  become  unneces- 
sary ;  they  find  the  market  at  their  doors,  and  ship  to  New  York  and 
San  Francisco  from  their  own  up-stream  local  ports. 

If  San  Francisco  did  not  exist  for  the  reasons  thus  stated  it  would  not 
exist  at  all. 
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And  so  far  is  San  Francisco  from  being  "  separated,"  as  Mr.  Mori- 
son  says,  "  from  the  whole  agricultural  portion  of  California,"  that,  if 
we  consider  the  Sacramento  and  San  Joaquin  valleys  fairly  tributary  to 
Benicia,  while  the  shores  of  the  Bay  below  Benicia  and  the  sparsely 
settled  coast  are  tributaries  of  San  Francisco,  the  value  of  farms  in  the 
former  district  according  to  the  last  census  is  less  than  $122  000  000 
against  more  than  $112  000  000  in  what  I  have  called  the  San  Francisco 
district ;  and  the  valley  region  produces  but  $1G  000  000  a  year  in  manu- 
factured goods  against  $115  000  000  for  the  bay  and  coast. 

It  seems  safe,  therefore,  to  say  that  San  Francisco  has  a  raison  d'  etre 
quite  in  accordance  with  the  law  as  I  have  ventured  to  state  it. 

Liverpool,  another  great  market  of  the  world,  owes  no  considerable 
part  of  its  importance  to  the  trade  of  the  Mersey.  It  is  also  a  great  coast 
centre,  reaching  out  to  the  Irish  as  well  as  the  English  coast,  and  but 
for  the  immense  expenditure  in  docks  would  be  as  independent  of  the 
caprices  of  capital  for  prosperity  as  any  other  city. 

As  to  the  claim  that  one  of  the  great  markets  of  the  world  may  yet 
grow  up  on  the  shores  of  Puget  Sound,  it  would  be  saying  too  much  to 
contest  it.  But  if  it  is  claimed  that  the  operations  of  any  railroad  com- 
pany and  of  individual  capitalists,  specially  directed  to  that  end,  can 
produce  such  a  result,  it  must  be  answered  that  enough  has  been  shown 
to  prove  the  futility  of  such  enterprise . 

It  is  a  problem  offering  many  elements  for  an  exact  solution;  if  the 
result  of  such  a  solution  favors  the  birth  of  a  metropolis  on  the  Sound, 
the  capital  of  rival  ports  cannot  stay  its  growth  any  more  than  capital 
can  build  it  up  against  law.  But  it  was  no  part  of  my  design  to  enter 
on  such  a  speculation  in  this  paper,  which,  after  all,  with  no  more  data 
than  I  now  possess  would  be  nothing  but  a  speculation.  Nevertheless, 
I  must  correct  a  statement  of  Mr.  Morison  that  I  stated  the  "actual 
distance  from  a  common  point  in  the  productive  country  east  of  the 
Cascade  Mountains  to  Puget  Sound  and  to  Portland  is  about  the  same. " 

I  was  careful  to  say  the  "lineal"  and  not  the  "  actual"  distance,  and 
I  further  suggested  the  elements  of  resistance  to  be  added  to  this  lineal 
distance  to  make  up  what  may  properly  be  called  the  actual  distance. 
I  did  not  intend  making  any  definite  statement  containing  figures, 
because  it  was  not  possible  to  present  the  data  on  which  they  are  based. 
And  yet,  as  Mr.  Morison  has  stated  his  conviction  about  the  cost  of 
operating,  I  may,  perhaps,  be  permitted  to  say,  I  am  well  convinced 
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that  it  will  cost  twice  as  much  to  carry  a  ton  of  freight  from  Ainsworth 
to  Puget  Sound  as  from  Ainsworth  to  Portland  ;  even  considering  the 
wretched  blundering  in  constructing  the  line  down  the  valley  of  the 
Columbia. 

Mr.  Morison  dwells  with  some  emphasis  on  a  point  of  more  import- 
ance than  appears  at  first  view.  As  T  understand  him,  the  commercial 
ports  of  our  coast  were  founded  before  the  existence  of  modern  facilities 
for  transportation;  having  become  established  and  capital  being  located, 
they  have  maintained  their  positions  as  commercial  centres,  although  we 
cannot  say  they  would  have  been  so  located  if  the  railroad  systems  of 
the  country  had  first  been  built. 

Now,  this  is  an  important  statement,  though  unsupported  'by  the 
facts.  It  is  important,  because  it  is  the  sort  of  reasoning  that  has  led  to 
a  vast  dissipation  of  capital.  The  truth  is,  and  this  statement  is  one 
proof  of  it,  that  the  commercial  ports  of  the  country  have  grown  up  in 
accordance  with  natural  law,  when  men  were  without  artificial  means  to 
help  them  ;  they  are,  therefore,  instinctive  or  intuitive  locations.  So 
true  is  this,  that  one  cannot  state  the  case  of  a  new  commercial  port 
started  by  the  influence  of  capital  and  railroads  in  rivalry  or  opposition 
to  one  of  the  old  ports,  that  has  been  a  success,  that  has  not  indeed 
been  a  pronounced  failure,  and  there  are  many  such  attempts.  I  chal- 
lenge the  mention  of  a  commercial  port,  the  relation  of  which  to  its 
neighboring  ports  has  been  changed  by  the  influence  of  railroads  or  the 
forcing  of  capital. 

Of  course,  railroads  have  increased  the  commercial  wealth^  and 
machinery,  but  as  yet  they  have  not,  and  I  dare  to  say  they  never  will, 
divert  trade  from  the  line  of  direction  of  natural  channels,  as  laid  down 
in  the  paper  now  under  discussion. 

Every  new  commercial  port  undertaken  by  railroad  capitalists  has 
been  a  failure  in  reaching  the  fulfillments  of  its  promises,  and  such 
enterprises  must  continue  to  be  failures. 
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THE  RADICAL  ENLARGEMENT  OF  THE  ARTIFI- 
CIAL WATER-WAY  BETWEEN  THE  LAKES 
AND  THE  HUDSON  RIVER. 


By  E.  Sweet,  M.  Am.  Soc.  C.  E. 
Bead  at  the  Annual  Convention,  June  10th,  1884. 


WITH  DISCUSSION. 


The  Erie  Canal,  conceived  by  the  genius  and  achieved  by  the  energy 
of  DeWitt  Clinton  was,  during  the  second  quarter  of  this  century,  the 
most  potent  influence  of  American  progress  and  civilization.  It  de- 
veloped the  Northwest  by  giving  an  outlet  to  the  commerce  of  the  Great 
Lakes,  and  it  made  New  York  the  Empire  State,  and  New  York  City 
the  imperial  mart  of  the  New  World. 

For  twenty  years  after  its  size  was  increased  to  its  present  ca- 
pacity, it  also  continued  to  play  a  prominent  part  in  our  internal 
commerce.  Contemporaneous,  however,  with  its  enlargement  began 
that  wonderful  development  of  the  Railway  System  of  transportation 
which  has  since  absorbed  the  skill  and  resources  of  our  profession, 
the  best  executive  and  administrative  talent,  and  much  of  the  available 
capital  of  our  country,  to  the  exclusion  of  water  routes,  so  that  our  neg- 
lected canal,  unchanged  for  30  years  except  as  to  the  gradual  deteriora- 
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tion  of  its  structure,  with  unimproved  equipment  and  modes  of  opera- 
tion, despite  the  liberal  policy  of  the  State,  is  gradually  losing  its 
capacity  for  usefulness  and  its  influence  on  the  problem  of  transporta- 
tion. Thirty  years  ago  the  Erie  Canal  carried  nine-tenths  of  the  freight 
traffic  between  Buffalo  and  New  York,  while  now  it  carries  less  than 
one-fifth  of  it.  In  view  of  these  facts  thoughtful  men  begin  to  ask 
themselves  the  question  what  must  its  future  be. 

For  some  years  friends  of  this  canal  have  urged  minor  improvements 
which,  if  promptly  adopted,  would  have  measuredly  increased  its  capac- 
ity and  economy  and  prolonged  its  ascendency,  but  its  inadequacy  to 
meet  the  present  and  prospective  wants  of  the  Northwestern  commerce 
seeking  the  East  and  the  sea  have  now  become  so  manifest  and  so  great 
as  to  demand  a  far  more  radical  and  extensive  improvement. 

It  is  clear  to  me  that  the  canal,  to  become  the  permanent  highway  of 
this  commerce,  must  have  sufficient  capacity  to  float  the  largest  vessels 
navigating  the  great  lakes  from  Lake  Erie  to  the  deep  waters  of  the  Hud- 
son, and  in  view  of  the  fact  that  the  draught  of  the  lake  vessels  is  now 
limited  by  the  dimensions  of  St.  Mary's  and  St.  Clair  Canals,  which 
may  hereafter  be  enlarged,  the  locks  of  our  canal  should  be  large 
enough  to  provide  for  the  probable  increase  in  the  size  of  lake  vessels. 

The  canal  should  be  at  least  18  feet  deep,  and  100  feet  wide  at  bot- 
tom, and  its  locks  should  be  450  feet  long  and  60  feet  wide.  The  suc- 
cessful operation  of  the  canal  thus  enlarged  requires  that  it  should  re- 
ceive its  water  from  the  lake  and  discharge  it  into  the  Hudson,  on  ac- 
count of  the  insufficiency  of  water  tributary  to  its  route  to  supply  it. 

This  and  various  topographical  and  economic  considerations  render 
a  radical  change  in  parts  of  the  route  and  profile  of  the  old  canal  essen- 
tial. 

These  changes  are  entirely  practicable  and  involve  no  very  serious 
difficulties. 

The  essential  change  in  profile  consists  in  extending  the  Eome  level 
westward  to  Lock  57,  between  Newark  and  Lyons,  in  Wayne  County, 
throwing  out  the  locks  47  to  56,  inclusive.  This  change  in  profile 
can  be  effected  by  swinging  the  route  to  the  southward,  near  Newark, 
crossing  the  Canandaigua  outlet  and  occupying  ground  of  the  proper 
elevation  along  the  south  side  of  Clyde  River,  and  crossing  the  Seneca 
River  at  the  narrowest  part  of  its  valley,  which  is  near  its  junction  with 
the  outlet  of  Cayuga  Lake,  from  whence  it  should  gradually  approach 
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the  present  route  of  the  canal,  and  connect  with  or  cross  it  just  east  of 
the  City  of  Syracuse. 

The  only  serious  difficulty  encountered  on  this  route  is  the  crossing 
of  the  Seneca  River,  where  the  water  surface  of  the  canal  must  be 
nearly  50  feet  above  that  of  the  river,  and  for  nearly  two  miles  over  40 
feet  above  the  surface  upon  which  its  embankment  must  be  built. 

This  change  of  route,  to  secure  a  continuously  descending  profile 
from  the  lake  to  the  Hudson  River,  is  the  only  deviation  from  the  route 
of  the  old  canal  that  is  absolutely  necessary,  but  I  think  the  construc- 
tion would  be  simplified  and  cheapened,  and  the  best  possible  waterway 
secured,  by  the  adoption  of  an  entirely  new  route  from  Syracuse  east- 
ward. 

Lower  ground  can  be  obtained  for  the  Rome  level,  except  at  the  sum- 
mit itself,  by  moving  the  line  northward,  thus,  by  lowering  the  elevation 
of  this  level  throughout,  lessening  the  difficulties  of  the  Seneca  River 
crossing,  and  from  a  point  a  little  west  of  Utica  eastward  to  the  Hud- 
son, the  Mohawk  River  should  be  canalized  by  the  erection  of  locks 
and  movable  dams  at  suitable  points  in  its  course,  and  the  deepening 
and  rectification  of  its  channel. 

From  the  mouth  of  the  Mohawk,  at  Troy,  to  the  deep  water  of  the 
Hudson  River,  below  Coxsackie,  that  river  must  be  improved  by  narrow- 
ing and  deepening  its  channel,  or  a  canal  must  be  constructed  along  its 
shore.  The  former  method  of  construction  affords,  in  my  judgment, 
the  simplest  and  most  useful  means  of  securing  the  desired  result. 

The  plan  may,  therefore,  be  summarized  as  the  widening,  deepening 
and  necessary  rectification  of  the  worst  curvatures  of  the  present  canal, 
from  Buffalo  to  Newark,  about  130  miles,  the  construction  of  a  new  canal 
from  Newark  to  Utica,  about  115  miles,  the  canalization  of  the  Mohawk 
River  from  Utica  to  Troy,  about  100  miles,  and  the  improvement  of  the 
Hudson  River  from  Troy  to  Four  Mile  Point,  in  Coxsackie,  a  distance 
of  about  30  miles. 

The  elevation  of  the  western  level  of  the  canal  being  governed  by 
the  surface  of  Lake  Erie,  must  secure  the  required  depth  wholly  by  deep- 
ening, while  the  profiles  of  the  levels  from  Lockport  east  can  be  ad- 
justed to  meet  the  economical  requirements  that  will  be  disclosed  by  de- 
tailed surveys. 

The  first  level  from  Buffalo  to  Lockport  will  be  32  miles  long.  De- 
scending from  this  level  at  Lockport,  by  two  locks,  each  of  about  25  feet 
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lift,  the  second  level  of  the  canal  will  be  reached.  This  level,  64  miles 
in  length,  will  extend  to  Brighton,  where,  descending  by  two  locks  of 
about  24  feet  lift,  we  reach  the  third  level  of  the  canal,  extending  from 
Brighton  to  Macedon,  20  miles,  there  descending  by  a  lock  of  about  20 
feet  lift,  we  reach  the  fourth  level,  extending  from  Macedon  to  Newark, 
12  miles  ;  where,  by  a  lock  of  about  20  feet  lift,  is  reached  the  level  of  the 
proposed  new  canal,  to  extend  from  Newark  to  Utica,  about  115  miles, 
which  will  be  the  fifth  and  longest  level  of  the  new  canal.  From  that 
point  the  Mohawk  Biver  (except  at  Little  Falls  and  Cohoes,  where  com- 
bined locks  will  be  required)  can  best  be  canalized  through  locks  of  10  or 
12  feet  lift,  making  pools  having  an  average  length  of  about  5  miles  each. 

The  construction  of  this  great  artificial  river,  more  than  300  miles 
long,  involving  as  it  does  so  vast  a  structure,  which  must  be  built  in  a 
manner  to  attain  absolute  security  and  permanence;  the  acquisition  of 
large  areas  of  land;  the  maintenance  of  the  drainage  of  the  country  it 
traverses,  and  the  erection  of  swing  bridges  at  all  necessary  crossings, 
is  a  vast  enterprise,  both  in  engineering  and  in  finance.  It  is  a  problem, 
however,  that  cannot  be  accurately  stated  even,  either  in  a  financial  or 
in  an  engineering  sense,  until  detailed  surveys  furnish  data  for  de- 
tailed plans  and  estimates,  and  until  a  careful  compilation  of  industrial 
statistics  furnish  the  means  of  judging  the  volume  of  tonnage  it  will 
probably  command.  Judged  by  the  cost  of  similar  undertakings  and 
what  is  already  known  of  this  route,  its  cost  may  be  roughly  assumed 
at  125  to  150  millions  of  dollars,  and  from  the  commercial  statistics  at 
hand  its  probable  tonnage  may  be  placed  at  20  to  25  millions  tons  per 
annum. 

The  first  requisite  to  the  possible  inauguration  of  this  enterprise  is, 
of  course,  a  careful  system  of  surveys  that  will  determine  its  probable 
cost,  and  whether  it  be  undertaken  by  private  enterprise,  as  most  of  the 
great  artificial  transportation  lines  of  the  world  have  been,  by  the  aid  of 
the  National  Government,  or  by  the  State  itself,  every  consideration  of 
State  interest  and  State  pride  requires  that  it  should  remain  forever 
under  the  sovereign  control  of  the  Empire  State,  and  she  should,  with- 
out dehry,  cause  the  necessary  surveys  and  estimates  to  be  made  for  de- 
termining all  the  elements  of  this  problem. 

Let  us  consider  the  importance  of  this  waterway.  For  the  past  four 
years  the  average  grain  rates  from  Chicago  to  New  York  during  the 
season  of  navigation  have  been  by  rail  14^  cents,  by  lake  to  Buffalo  and 
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thence  by  rail  to  New  York,  121\,  cents,  and  by  lake  and  canal  to  New 
York,  9  /'„  cents  per  bushel . 

The  large  propellers  of  the  lakes  have,  however,  during  this  period, 
found  a  profit  in  carrying  grain  from  Chicago  to  Buffalo  at  2  cents  a 
bushel,  while  the  cost  by  canal  from  Buffalo  to  New  York,  though  the 
distance  is  only  half  as  great,  without  tolls,  but  inchiding  the  cost  of 
transfer,  has,  at  the  same  time,  been  more  than  4  cents  per  bushel,  more 
than  twice  the  cost,  and  more  than  twice  the  time  in  transit  for  one-half 
the  distance. 

In  the  enlarged  canal,  making  due  allowance  for  reduced  speed  in  the 
narrow  channel  and  for  lock  detentions,  the  propeller  would  make  the 
trip  from  Buffalo  to  New  York  in  as  short  a  time  as  she  requires  between 
Chicago  and  Buffalo,  and  thus  deliver  her  cargo  from  Chicago  to  New 
York  in  less  time  and  at  less  cost  than  can  now  be  done  by  canal  from 
Buffalo  to  New  York.  Such  a  realization  would  establish  the  commerce 
of  New  York  on  an  enduring  basis,  never  to  be  shaken  by  any  develop- 
ment of  trade,  or  combination  of  circumstances,  that  now  seem  possible. 

All  the  great  railway  systems  of  the  west,  north  of  Arkansas  and 
Texas,  terminate  at  lake  ports,  and  their  prosperity  and  very  existence 
depend  on  the  diversion  of  all  the  business  they  can  control  to  these 
ports,  and  with  this  canal  enlarged,  all  the  heavy  freights  that  reach  those 
ports,  bound  east,  are  destined  by  the  laws  of  trade  to  take  the  wrater 
route,  as  being  cheaper  than  any  rail  transit  yet  dreamed  of. 

Within  the  net-work  of  these  railway  lines,  or  grouped  about  the 
great  lakes  themselves,  lay  the  great  grain  fields  of  the  country,  its 
principal  forests  and  mines,  as  well  as  the  chief  part  of  its  inland  cities. 

They  must  all  become  tributary  to  this  canal  if  enlarged,  and  offer  in 
commodities  suited  to  canal  transportation  a  larger  volume  of  tonnage 
than  the  world  has  ever  seen  concentrated  on  an  artificial  line  of  trans- 
portation. 

The  importance  of  this  enterprise  increases  with  the  rapid  growth  of 
our  population  and  the  consequent  changing  social  and  economic  condi- 
tions of  the  country.  Our  productive  capacity  is  beginning  to  exceed 
the  demand.  Our  foreign  grain  markets  are  threatened  with  new 
competition  from  India  and  Australia. 

If  our  national  prosperity  is  to  continue,  we  must  reach  foreign 
markets  with  our  manufactures,  and  thus,  by  increasing  the  manufactur- 
ing class,  create  new  home  demands  for  our  surplus  food. 
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To  reach  these  markets  we  must  cheapen  the  goods  by  lessening  the 
cost  of  living  to  the  operatives,  and  also  the  cost  of  bringing  together 
the  raw  materials  requisite  to  manufacturing  processes,  and  of  sending 
the  manufactured  products  to  market. 

With  our  wide-spread  territory,  cheap  transportation  is  the  chief 
agency  in  effecting  these  economies,  and  the  Erie  Canal,  joining  the 
granaries,  the  mines  and  the  forests  of  the  West,  with  the  manufactories 
of  the  East,  should  be  endowed  with  the  necessary  capacity  to 
effectually  realize  the  ideal  of  the  political  economist  as  to  transporta- 
tion. 

I  have  thus  crudely  presented  the  salient  features  of  this  problem  to 
my  professional  brethren,  in  the  belief  that  it  must  soon  become  an 
urgent  engineering  cpiestion,  and  trusting  that  they  will  give  it  thorough 
consideration  and  aid  in  giving  it  intelligent  form,  and,  if  found  worthy, 
in  commending  it  to  popular  appreciation . 
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DISCUSSION. 

By  E.  L.  Corthell,  E.  P.  North,  Willard  S.  Pope,  O.  M.  Poe,  M. 
M.  Drake,  A,  P.  Boller,  E.  H.  Walker,  E.  S.  Chesbrough,  W.  W. 
Evans,  T.  C.  Clarke,  N.  M.  Edwards,  W.  E.  Merrill,  John  D.  Van 
Buren,  Jr.,  D.  Fareand  Henry,  O.  Chanute,  Clemens  Herschel,  J. 
Nelson  Tubbs,  T.  C.  Keeper,  Simon  Stevens,  Kobert  L.  Harris, 
Theodore  Cooper,  F.  Collingwood  and  E.  Sweet. 

E.  L.  Corthell,  M.  Am.  Soc.  C.  E. — The  execution  of  the  project 
presented  in  this  paper  is  improbable,  either  in  the  near  or  the  distant 
future,  and  thus  far  is  the  interest  and  importance  of  the  paper  less- 
ened. 

We  do  not  go  backward  in  this  country  or  in  this  age.  We  pro- 
gress  always.  Newly  discovered  laws  in  nature,  useful  inventions,  new 
appliances,  new  adaptations  of  physical  forces  lead  us  onward  whether 
we  will  or  no.  Cheapness,  quickness  and  systematic  regularity  in  busi- 
ness and  work  are  in  demand.  That  method  that  will  most  com- 
pletely combine  these  essential  qualities  is  adopted,  whether  in  con  • 
struction,  business,  or  commerce,  and  in  time  it  will  supersede  all  infe- 
rior and  ancient  methods,  regardless  of  what  they  cost  or  the  good  they 
may  have  done  in  a  prior  generation. 

Certain  districts  of  this  country  abound  in  abandoned  artificial 
water-ways.  The  railway  has  dried  up  the  bed  of  the  canal,  broken 
down  the  locks,  and,  in  some  cases,  monopolized  the  banks  or  bed  for 
its  rails. 

Some  railway  companies,  like  the  Delaware  &  Hudson  Canal  Com- 
pany, although  originally  the  proprietors  of  canals  only,  have  gradually 
replaced  them  with  railways,  and  the  canals  still  in  operation  are  doomed 
to  the  fate  of  the  others. 

Had  the  Erie  Canal  been  the  property  of  a  railway  company  it 
would  have  been  abandoned  long  ago,  and  a  railway  would  have  been 
laid  on  its  tow-path  or  in  its  bed.  That  canal  and  its  branches  has  served  a 
good  purpose  in  the  early  development  and  prosperity  of  the  country,  but 
the  object  for  which  it  was  built  and  operated  for  many  years  has  been 
accomplished  ;  the  reasons  for  an  artificial  water-way  have  gone  forever, 
and  a  better  servant  of   man    has   taken   its  place.      We   also   take   the 
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ground  that  there  is  no  more  need  of  a  ship  canal  between  Buffalo  and 
New  York  than  there  is  for  the  present  canal. 

In  the  discussion  of  this  subject  it  is  necessary  to  inquire  whether 
all  the  grand  results  attributed  to  the  Erie  Canal  rightfully  belong  to  it. 

What  did  it  accomplish  before  the  advent  of  railroads  in  reducing 
the  cost  of  transportation  between  the  Great  Lakes  and  New  York  City, 
and,  by  this  reduction,  developing  the  Northwest  and  enriching  its  east- 
ern terminus?     We  answer — nothing. 

It  was  not  till  1868  that  the  trunk  line  managers  believed  it  would 
pay  to  haul  grain  from  the  West.  Prior  to  that  time,  back  to  1857,  the 
charge  per  bushel  for  wheat  from  Chicago  to  New  York,  via  lake  and 
canal,  was  25}-  cents.  There  was  daring  this  time  no  gradual  diminution 
in  rates  ;  there  was  no  competition,  and  it  is  probable  that  the  above 
rate  would  have  ruled  to  this  day  had  not  another  means  of  transporta- 
tion come  in  as  a  competitor.  The  records  show  an  increase,  if  anything, 
in  rates,  for  in  1858-9  the  rate  was  18  cents,  and  in  1866,  31 J  cents. 

But  when  the  railroads  commenced  to  haul  grain  and  compete 
with  each  other  and  the  canal,  it  then,  and  not  till  then,  commenced  a 
reduction  in  its  rates,  holding  them  about  2  cents  per  bushel  below  the 
rail  rates.  When  it  became  evident  that  the  boatmen  could  not  haul  the 
freight  and  compete  with  the  railroads,  the  State  stepped  in  and  gave 
them  relief  by  abolishing  the  tolls  and  saddling  the  people  at  large  with 
the  cost  of  maintenance  and  operation. 

The  rates  have,  since  1868,  dropped  to  about  8  cents  for  lake  and 
canal,  and  to  10  cents  for  lake  and  rail,  and  to  14  cents  for  all  rail  rate,  or 
about  5  mills  per  ton  per  mile.  The  trunk  lines  are  now  hauling  freight 
from  Chicago  to  New  York  at  15  cents  per  hundred  pounds,  or  3  mills 
per  ton  per  mile.  Only  three  or  four  years  ago  many  railroad  men  con- 
tended that  it  could  not  be  hauled,  and  never  would  be,  at  1  cent  per  ton 
per  mile.  It  should  be  stated  that  the  reduction  in  rates  was  not  due  to 
canal  competition  at  all,  but  to  the  very  active  competition  that  existed 
among  the  three  main  trunk  lines  of  railroads,  all  striving  for  the  busi- 
ness. 

How  slight  the  effect  of  the  canal  has  been  is  shown  by  the  fact  that 
the  tonnage  transported  per  annum  on  the  New  York  State  canals  has 
not  varied  much  from  five  and  a  half  million  tons  since  1868.  In  1869 
the  amount  was  5  896  080  tons,  and  in  1883,  5  664  050  tons.  No  one  will 
contend  that   during   all   this  time   the  canal  was  worked  to  its  utmost 
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capacity.  The  complaint  has  all  the  while  been  that  there  was  no  busi- 
ness to  pay  the  owners  of  the  boats  for  running  them,  much  less  to  pay 
for  the  building  of  new  boats  to  take  the  place  of  those  worn  out  by  age 
or  service. 

The  reason  has  been  that,  even  at  a  slight  advance  in  rates,  ship- 
pers preferred  to  ship  by  rail,  probably  for  two  very  important  reasons  : 
first,  the  saving  of  time,  three  days  by  rail  against  ten  days  by  canal  ;  and 
second,  the  systematic  regularity  through  the  entire  year  by  railroad 
transportation,  so  that  in  1883,  while  the  canal  was  carrying  its  regular 
quota  of  live  and  a  half  million  tons,  the  New  York  Central,  a  parallel 
line  of  transportation,  carried  nearly  eleven  millions,  the  Erie  Railroad 
and  the  New  York  State  line  nearly  fourteen  millions,  and  the  Pennsyl- 
vania Railroad,  an  all  rail  route,  nearly  twenty-two  millions,  an  amount 
of  freight  equal  to  that  expected  through  the  ship  canal  under  discus- 
sion. 

There  is  no  doubt  that  the  railroads  can  carry  through  freight  cheaper 
than  canals  can  afford  to  do,  if  the  interest  on  invested  capital  is  not  taken 
into  account,  and  this,  with  time,  and  convenience  and  regularity,  is  the 
only  correct  basis  on  which  to  consider  this  important  subject.  For,  if  a 
straight-lined,  low-grade  railroad,  like  the  New  York,  West  Shore  &  Buf- 
falo, can  transport  freight  at  less  cost  than  the  canal,  interest  not  con- 
sidered, then  let  us  propose  to  the  State  or  to  the  Government  of  the 
United  States  to  build  a  railway,  or  buy  the  West  Shore,  remove  all 
charges  for  capital  invested,  and  run  the  road  and  transport  the  freight 
for  the  people  at  a  minimum  cost,  and  abandon  the  old  canal.  This  plan 
would  be  much  more  acceptable  to  them  than  any  artificial  water-way. 

This  will  become  evident  if  we  will  for  the  moment  assume  that  the 
railroads  are  not  in  existence,  and  the  alternative  is  then  before  the  coun 
try  of  having  an  artificial  water-way,  obstructed  by  locks,  and  available 
for  transportation  for  only  one-half  of  each  year,  and  even  during  these 
months  hauling  freight  at  a  rate  of  speed  most  aggravating  for  the  rapid 
rate  of  general  business  ;  or,  on  the  other  hand,  a  well-equipped  railway, 
capable  of  handling  as  much  freight  as  the  canal,  but  doing  it  regularly, 
promptly  and  cheaply,  and  in  accordance  with  the  methods  of  business 
that  have  been  introduced  and  established  by  the  railway,  telegraph, 
ocean  cable,  the  modern  newspaper,  and  all  other  means  of  quick  com- 
munication between  cities,  states,  countries  and  continents.  When  the 
oceans  are  whispering  galleries  for  the  business  of  the  nations  we   are 
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not  willing  that  our  freights  shall  drag  snail-like  the  whole  length  of  the 
Empire  State. 

Let  us  now  consider  briefly  the  ship  canal  project  of  the  paper  under 
discussion  : 

There  is  only  one  ship  canal  in  operation  of  any  magnitude  in  the 
world,  and  that  is  not  similar  to  the  one  under  discussion,  nor  is  it  so 
extensive,  or  on  so  grand  a  scale.     I  refer  to  the  Suez  Canal. 

It  has  been  considered  one  of  the  wonders  of  the  world,  and  its  pro- 
jector and  builder  has  received  very  justly  the  plaudits  of  mankind  ; 
but  it  pales  before  the  Buffalo  and  Troy  Ship  Canal. 

The  length  of  the  Suez  Canal  is  100  statute  miles,  39  miles  only  of 
which  is  through  cuttings  above  the  surface  of  the  water,  while  61 
miles  is  through  the  lakes.  It  has  a  breadth  of  from  190  to  330  feet. 
It  has  no  lock  from  one  end  to  the  other,  its  minimum  radius  is  2  000 
feet,  and  yet  under  all  its  advantages  for  quick  transit  the  average  stay 
of  a  steamer  in  the  canal  between  Suez  and  Port  Said  is  50  hours,  in 
which  is  included  the  effective  steaming  time,  the  delays  by  occasional 
grounding  and  sheering  against  the  banks,  the  passing  of  other  vessels 
and  other  incidental  delays. 

Contrast  this  with  the  Buffalo  and  Troy  Ship  Canal,  whose  length  is 
345  miles.  Take  the  same  average  rate,  including  the  same  kind  of 
stops  as  those  in  the  Suez  Canal,  that  is  two  miles  per  hour,  then  add 
to  the  time  required  for  passage  in  the  open  canal,  the  delays  in  passing- 
through  37  locks,  and  we  have  the  total  time  required  of  200  hours,  or 
8 i  days,  operating  day  and  night. 

Now,  compare  the  present  canal  with  the  future  ship  canal  in  regard 
to  the  cost  of  moving  freight.  A  boat  load  of  grain  (250  tons)  is  now 
moved  by  two  mules  and  a  boy,  and  the  boat  is  cheaply  constructed  and 
without  machinery  or  expensive  appointments. 

In  the  ship  canal,  a  steamer,  whose  first  cost  is  about  $90  000,  must 
spend  eight  days  or  more  in  the  canal  before  reaching  deep  water,  or  an 
unobstructed  water-way.  She  transports  40  000  bushels  of  grain  as 
against  8  000  of  the  canal  boat,  or  five  times  as  much  ;  but  it  costs  more 
than  five  times  as  much  to  transport  it,  or  probably  three  cents  to  four 
cents  per  bushel. 

The  cost  of  transporting  freight  in  the  ocean  or  the  great  lakes  by 
steam  or  sail  is,  of  course,  much  less  than  by  railroad.  On  long  voyages 
it  is  considered  to  be  about  three  times  cheaper  than  by  rail  ;  but  on 
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ocean  or  lake  the  steamer  moves  at  will,  where  and  how  she  likes — it  is 
Nature's,  not  man's,  great  highway  of  commerce — her  speed  is  from  ten 
to  fifteen  miles  per  hour ;  she  takes  advantage  of  the  winds  and  cur- 
rents, and  takes  the  quickest  route  to  her  port ;  but  in  a  ditch,  and  in 
that  ditch  impeded  by  locks  and  other  vessels,  and  liable  at  any  time,  if 
she  attempt  to  increase  her  speed,  to  ground  upon  the  bottom  or  sides 
of  the  canal,  the  case  is  entirely  different. 

It  is  therefore  very  doubtful  if  wheat  can  be  placed  in  New  York 
City  from  Buffalo  any  cheaper  by  ship  canal  than  by  rail — a  first-class, 
low-grade,  four-track  railway,  fully  equipped  with  the  best  and  most 
approved  equipment. 

The  interruption  to  business  and  the  disorganization  consequent 
upon  the  ship  canal  being  closed  by  ice  for  half  the  year  Avill  be  most 
serious  to  its  interests.  The  lake  steamers  that  now  bring  the  grain  and 
other  heavy  freights  to  the  canal  and  railroads  at  Buffalo  and  other 
ports,  must  be  doubled,  probably  trebled,  in  number  to  make  the 
through  trip  to  New  York  City.  At  the  approach  of  winter  these 
steamers  must  lay  up  for  the  winter,  but  the  interest  on  the  cost  and 
the  expense  of  caring  for  them  through  the  winter  goes  on,  and  must  be 
met  the  next  season  by  an  advance  in  the  rates. 

We  are  not  sufficiently  posted  in  the  progress  of  the  Canadian  Ship 
Canals  to  quote  them,  but  all  the  vast  sums  expended  so  far  by  the 
Canadian  Government  on  its  artificial  water-ways,  do  not  seem  to  have 
been  productive  of  great  results.  The  receipts  of  grain  at  Montreal 
show  a  considerable  decrease  in  the  last  eleven  years.  The  receipts  in 
1873  were  19  713  529  bushels,  and  in  1884,  18  063  594  bushels,  and  in 
1883,  16  049  175  bushels.  While  Boston,  reached  by  rail  alone,  received 
in  1873,  17  926  202  bushels,  and  1884,  36  985  430  bushels.  And  Balti- 
more, also  reached  by  rail,  increased  from  19  099  517  bushels  to  33301  281 
bushels. 

The  facts  above  stated,  and  this  very  brief  review  of  the  subject,  go 
to  prove  that  neither  agriculture,  manufactures  nor  commerce  require 
an  artificial  water-way,  and  that  railways  have  subserved  and  will  still 
more  fully  subserve  all  purposes,  and  meet  all  future  demands. 

Were  continents  to  be  united  as  by  the  Suez  Canal,  or  continents  and 
oceans,  as  by  our  own  interoceanic  projects,  the  subject  would  be  worthy 
of  earnest  consideration. 

In  regard  to  the   practicability  of  constructing  such  a  ship  canal  as 
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the  paper  proposes,  and  the  ability  to  overcome  the  many  serious  diffi- 
culties that  lie  in  the  way,  we  do  not  question  it.  This  age  can  accom- 
plish anything  that  man  desires  or  demands  for  his  necessities,  use  and 
convenience. 

The  civil  engineer  of  to-day  should  be  daunted  by  no  project,  however 
stupendous.  The  only  question  for  him  to  settle  before  throwing  him- 
self into  the  work  with  all  his  might,  is  its  necessity  or  utility.  That 
question  answered  satisfactorily,  let  him  stand  aside  for  no  obstacle. 

The  able  engineer  who  wrote  the  paper  under  discussion  is  fully 
equal  to  the  task  before  him  in  the  construction  of  this  great  work,  but 
he  will,  in  our  judgment,  never  be  asked  to  perform  it. 

If  the  time  ever  comes  when  a  more  complete  means  of  transporta- 
tion is  demanded  than  can  be  supplied  by  the  ordinary  railway,  we  will 
be  glad  to  suggest  a  solution  of  the  problem  in  a  ship  and  barge  rail- 
way. This  can  be  built  for  half  the  cost  of  the  proposed  ship  canal, 
from  deep  water  in  the  lakes  to  deep  water  in  the  Hudson.  It  can  be 
operated  and  maintained  at  less  cost  than  the  canal,  employ  a  rate  of 
speed  five  times  as  great  as  is  possible  in  the  canal,  can  be  operated  for 
the  whole  twelve  months  of  the  year  instead  of  six,  or  during  the  lake 
navigation,  like  the  ship  canal ;  will  require  no  breaking  bulk,  and 
through  freight  can  be  hauled  over  it  at  2  h  mills  per  ton  per  mile,  or  2  J 
cents  per  bushel  of  wheat. 

To  follow  this  suggestion  still  further,  another  or  fifth  track  added 
to  the  present  four  tracks  of  the  New  York  Central  Railroad  would  ac- 
commodate this  business  with  slight  comparative  expense  in  construc- 
tion. In  other  words,  make  a  five-track  road  ;  two,  as  now,  to  be  used 
for  passengers,  and  three  for  ordinary  freight,  the  steamer  and  barge 
railway,  the  barges  to  be  hauled  on  two  tracks  and  the  steamers  on 
three.  The  flattening  of  some  of  the  grades  and  curves,  the  rebuilding 
of  the  bridges  (which  need  rebuilding  as  it  is),  the  lengthening  of  abut- 
ments and  culverts  and  the  widening  of  the  embankment,  could  all  be 
easily  and  economically  done. 

The  careful  study  of  the  whole  subject  during  the  last  five  years  in 
connection  with  the  Tehuantepec  Ship  Eailway,  the  appliances  invented 
and  arranged  for  lifting,  handling,  hauling  and  turning  vessels,  shows 
that  in  first  cost,  in  operation  and  maintenance,  and  in  its  great 
and  many  conveniences  and  economies,  the  ship  railway  is  the  correct 
plan  to  adopt  when  continents  and  oceans  are  to  be  united,  or  the  cost 
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of  transportation  is  to  be  reduced  and  time  saved  for  the  use  and  con- 
venience of  man. 

We  venture  to  assert  that  this  method  will  revolutionize  the  trans- 
portation business,  and  solve  many  problems,  such  as  the  one  under- 
lying the  paper  under  discussion. 

The  following  table  gives  a  comparative  statement  of  the  receipts  and 
exports  of  grain  for  1873  and  1883,  at  the  ports  of  New  York,  Boston, 
Philadelphia,  Baltimore  and  Montreal.  It  goes  to  prove  that  the  rail- 
ways are  doing  the  business  even  for  foreign  exports,  against  the  com- 
petition of  the  great  Canadian  system  of  artificial  and  natural  water-ways, 
though  that  system  was  the  shortest  route,  and  possessed  great  natural 
advantages  over  even  the  projected  Erie  Ship  Canal. 

compakative  statement  of  receipts  and  expokts  of  grain  at  the 
Ports  of  New  York,  Boston,  Philadelphia,  Baltimore  and 
Montreal.     In  Tons  of  2  000  pounds. 

TABLE  No.  1. 


Note. — The  exports  include  only  the  three  main  articles  :  Wheat, 
wheat-flour  and  corn.  The  amounts  are  put  at  the  nearest  thousand. 
They  are  furnished  by  the  Railroad  Gazette,  January  30,  1885,  p.  73  ;  by 
Mr.  Joseph  Nimmo,  Jr.,  Chief  of  the  U.  S.  Bureau  of  Statistics,  and  by 
Mr.  E.  H.  Walker,  Statistician  of  the  New  York  Produce  Exchange. 
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Edward  P.  North,  M.  Am.  Soc.  C.  E. — On  the  completion  of  the 
Erie  Canal  in  1825,  a  boat  carrying  60  tons,  at  the  rate  of  lj  miles  per 
hour,  was  a  very  great  improvement  over  a  wagon  carrying  one  ton  20 
miles  per  clay — an  improvement  that  earned  for  the  State  of  New  York 
its  title  of  Empire  State,  and  made  its  port  the  port  of  our  country.  On 
the  completion  of  the  enlargement  of  the  canal,  commenced  August, 
1836  and  finished  September,  1862,  the  boats  were  increased  in  size  to 
a  burden  of  240  tons,  and  they  have  remained  without  other  increase  in 
efficiency  over  that  attained  in  1825. 

In  the  meantime,  the  capacity  of  freight  trains,  which  in  1850, 
on  the  New  York  Central  Railroad,  was  25  cars,  carrying  8  tons  each, 
and  on  the  Hudson  River  Railroad  30  to  32  cars,  carrying  also  8  tons, 
has  been  increased  by  well-known  appliances,  till  1 131  tons  of  paying 
freight  have  been  brought  from  Buffalo  to  New  York  in  one  train.  The 
deepening  of  the  Lake  harbors,  and  the  St.  Clair  Flats,  with  improve- 
ments in  Lake  navigation,  has  kept  pace  with  the  increased  capacity  of 
the  railroads,  but  no  increase  in  the  value  of  the  canal  as  an  agent  of 
distribution  has  been  made,  so  that,  as  will  be  seen  from  Table  No.  2, 
covering  sixteen  years,  the  freight  carried  on  it  has  fallen  not  only  rel- 
atively, but  absolutely  to  tbe  amount  of  nearly  800  000  tons,  while  the 
total  freight  transported  by  the  canals,  and  the  New  York  Central,  Erie 
and  Pennsylvania  Railroads  has  risen  from  16  919  082  in  1868  to  51  841- 
279  tons  in  1883. 
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TABLE  No.  2. 

From  Report  on  Foreign  Commerce  of  the  United  States  for  1884, 
by  Joseph  Nimmo,  Jk.  ,  Chief  of  Bureau  of  Statistics. 

Total  number  of  tons  (2  000  pounds)  transported  upon  the  New 
York  State  canals,  the  New  York  Central  and  Hudson  River  Rail- 
road, the  New  York,  Lake  Erie  and  Western  Railroad,  and  the 
Pennsylvania  Railroad  each  year  from  1868  to  1882,  inclusive  : 


1868. 
1869. 
1870. 
1871. 
1872. 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 


New  York 
New  York   Central  and 
State  Canals.  Hudson  River 
!  Railroad. 


Tons. 
6  442  225 

5  859  080 

6  173  769 
6  467  888 
6  673  370 
6  364  782 
5  804  588 
4  859  858 
4  172  129 

4  955  963 

5  171  320 

5  362  372 

6  457  656 
5  179  192 
5  467  423 
5  664  050 


TollS. 

1  846  599 

2  281 885 
4  122  0(0 
4  532  056 

4  393  965 

5  522  724 

6  114  678 
6  001  954 
6  803  680 

6  351  356 

7  695  413 
9  015  753 

10  533  038 

11  591  379 
11  330  393 
10  892  440 


Lak6e  Erietnd  Pe5« 

SEZZ 


Tons. 

3  908  243 

4  312  209 
4  852  505 

4  844  208 

5  564  274 

6  312  702 
6  364  276 
6  299  946 

5  972  818 

6  182  451 
6  150  568 
8  212  641 
8  715  892 

11  086  823 
11  895  238 
13  610  623 


Tons. 

4  722  015 

5  402  991 
5  804  051 

7  100  294 

8  459  535 

9  211  231 

8  626  94G 

9  115  368 
9  922  911 
9  738  295 

10  946  752 
13  684  041 
15  364  788 
18  229  365 

20  360  399 

21  674  160 


16  919  082 

17  856  165 
20  952  325 
22  944  446 

25  091  144 
27  411439 

26  910  488 
26  217  126 

26  817  538 

27  228  065 
29  964  053 
36  274  807 
41  071  374 
46  086  759 
49  053  453 
51  841  279 


The  cost  of  transporting  a  busliel  of  wheat  from  Chicago  to  New 
York  from  1857  to  1884,  is  shown  in  Table  No.  3,  and  the  grain  rates  by 
railroad  for  twenty  years  in  Table  No.  4. 
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TABLE  No.  3. 

Showing  Average  Freight  Charges  from  Chicago  to  New  Yoek,  per 
Bushel  of  Wheat. 

First  3  columns  from  Nimmo's  "Report  on  Foreign  Commerce 
of  the  United  States,  1884."  Second  2  columns  from  "  A  Sketch  of 
the  Commerce,  &c,  of  Buffalo,"  by  Wm.  Thurston,  Secretary  Mer- 
chants' Exchange,  and  last  3  from  "Report  of  Auditor  of  New  York 
Canals,  1881." 


K 

a  m 

Average  Rates  pek  Bushel. 

By  Lake 

By  Lake 

By  all 

By  Lake. 

By  Canal. 

Lake 

Canal 

Canal 

and  Canal.* 

and  Rail. 

Rail. 

Freights. 

Freights. 

Tolls. 

Cents. 

Cents. 

Cents. 

Cents. 

Cunts. 

Cents. 

Cents. 

Cents. 

1857 

26.03 

1858 

17.03 

1859 

18.33 

1860 

25  58 

1861 

27.05 
27.08 
23.65 
29.11 
28.37 
31.36 
24.11 
24.54 
23.12 
17.10 
20.24 
24.50 
19.19 
14.10 

11.53 

10.49 
7.51 
9.58 
9.78 

13.40 
6.67 
7.14 
6.81 
5.88 
7.62 

11.15 
7.62 
4.03 

15.75 
15.84 
15.39 
18.78 
10.84 
16.96 
13.32 
15.65 
16.31 
11.22 
12.62 
13.10 
11.57 
10.11 

5.17 

1862 

6.21 

1863 

1864 

<> 

1865 

,< 

1866 

., 

1867 

.< 

1868 

29.0 
25.0 
22.0 
25.0 
28.0 
26.9 
16.9 

42.6 
35.1 
33.3 
31.0 
33.5 
33.2 
28.7 

<< 

1869 

.. 

1870 

3.10 

1871 

1872 

., 

1873 

... 

1874 

3.9 

10.0 

" 

1875 

11.43 

14.6 

24.1 

3.5 

7.9 

3.42 

8.01 

2.07 

1876 

9.58 

11.8 

16.5 

2.9 

6.6 

3.11 

6.72 

" 

3877 

11.24 

15.8 

20.3 

3  7 

7.4 

3.57 

7.39 

1.03 

1878 

9.15 

11.4 

17.7 

3.1 

6.0 

3.17 

5.99 

" 

1879 

11.60 

13.3 

17.3 

4.7 

6.8 

4.72 

6.96 

" 

1880 

12.27 

15.7 

19.7 

5.7 

6.5 

5.70 

6.50 

" 

1881 

8.19 

10.4 

14.4 

3.2 

4.7 

3.40 

4.88 

" 

1882 

7.89 

10.9 

14.6 

2.5 

5.4 

" 

1883 

8.40 

11.5 

16.5 

3.5 

4.9 

0.00 

1884 

6.60 

9.75 

13.0 

2.1 

4.2 

0.00 

3.53 

6.4 

*  Including  Buffalo  transfer  charges  and  tolls. 

This  is  a  great  improvement  over  the  $100  per  ton  charged  for  trans- 
portation from  Albany  to  Buffalo  before  the  completion  of  the  canal. 
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TABLE  No.  4. 

[From  Railroad  Gazette,  January  9th,  1885.  J 

Chicago-New   York   Grain  Rates  for  20  Years. 


Date.  Rate. 

18(U. 

Mar.  28 100 

April     4 90 

April   12 80 

April  14 75 

July    11 80 

July    22 85 

July    28 80 

Sept.     7 90 

Sept.  10 95 

Nov.    12 100 

Nov.    16 115 

Nov.    28 125 

Dec.    13 138 

Dec.    24 100 

1805. 

Jan.      1 160 

April  22 100 

May    15 70 

Sept.     6 62,} 

Sept.  11 70 

Sept.  27 77} 

Oct.     10 85 

Oct.     17 95 

Oct.     27 105 

Nov.     2 115 

Nov.      7 120 

Nov,     9 130 

1866. 

Jan.      1 130 

Jan.      9 80 

Feb.    26 76 

May     11 55 

June     7 60 

July      5 65 

Sept.   18 75 

Sept.  27 85 

Oct.     10 90 

Oct.     15 100 

Nov.     5 105 

Dec.      8 90 

1867. 

Jan.      1 90 

Feb.      7 80 

Mar.     4 70 

Mar.   22 60 

April  15 60 

June     8 75 

June  21 70 

Sept.     2 75 

Sept.  23 85 

1868. 

Jan.      1 85 

Sept.    1 60 

Sept.     7 65 

Sept.  14 70 

Dec.      6 75 


(In  cents  per  100  lbs.) 

Date.  Rale. 

1869. 

Jan.      1 75 

Jan.    25 70 

Mar.   11 50 

1870. 

Jan       1 50 

Jan.    22 55 

Mar.      4 50 

Mar.    22 45 

May    23  40 

Aug.    29 45 

Aug.   31   50 

Oct.     31 55 

Nov.    22 60 

1871. 

Jan.      1 60 

Mar.     4 50 

April    7 45 

June  26 40 

July    10  45 

Aug.    11 50 

Sept.  21 55 

Oct.      2 60 

Oct.     25 65 

1872. 

Jan.      1 65 

Mar.    25 60 

May     1 50 

Aug.  26 45 

Sept.     2 50 

Sept.    9 55 

Sept.  16 60 

Oct.     14 65 

1873. 

Jan.      1 65 

April  14 60 

May    20 45 

Sept.     5 50 

Nov.    20  55 

Dec.      8 60 

1874. 

Jan.      1 60 

Feb.      3 55 

April  15 40 

May      6 45 

Dec.    11 40 

1875. 

Jan.       1 40 

Oct.       1 30 

Oct.     12 40 

Dec.      1 45 

1876. 

Jan.      1 45 

Mar.     7 40 

April  13 35 

April  26 22} 

May      5 20 

Dec.    18 30 


Date.  Bate. 

1877. 

Jan.      1 30 

Jan.      2 35 

April     2 30 

Sept.     4 35 

Oct.     17 40 

1878. 

Jan.      1 40 

Mar.    11 30 

April    1 25 

May    17 20 

Aug.      5 25 

Aug.    17 30 

Nov.   25 35 

1879. 

Jan.      1 35 

Feb.     1 20 

Mar.      1 18 

April    1 15 

May      1 10 

June     9 15 

June  22 20 

Aug.     4 25 

Aug.  25 30 

Oct.    13 35 

Nov.   10 40 

1880. 

Jan.      1 40 

Mar.     1 35 

April  14 30 

Nov.  27 35 

1881. 

Jan .      1 35 

Feb.     1 40 

Mar.     1 35 

April    1 30 

April  11 25 

April  18 30 

June     8 25 

June  15 12 

Sept.  26 15} 

Oct.     10 15 

Nov.     1 20 

Dec.     9 12} 

1882. 

Jan.      1 12} 

Jan.    28 20 

Mar.  25 25 

Dec.     1 30 

1883. 

Jan.      1 30 

April  19 25 

Nov.  26 30 

1884. 

Jan.      1 30 

Jan.      5 20 

Jan.    14 30 

Mar.  14 20 

Mar.  21 15 

June  24 20 

July    21 25 
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Mr.  Dunning,  Editor  of  the  Railroad  Gazette,  says  for  the  earlier 
years  covered  by  this  table:  "The  regular  rate,  doubtless,  did  not  so 
nearly  represent  the  actual  rate  in  those  days  as  it  does  now,  when 
there  is  no  great  disturbance.  Irregularities  which  were  common  and 
expected  then  would  not  be  thought  permissible  now,  and  we  know 
that  there  are  now  considerable  deviations  from  regular  rates  that  do 
not  result  in  an  open  rupture,  and  of  which  there  is  no  trace  in  a  file  of 
published  rates — as,  for  instance,  since  last  July." 

And  he  speaks  generally  of  the  tables  as  follows  : 

"  We  should  say  that  for  1879  and  1881  we  have  given  in  the  record 
figures  representing  approximately  the  actual  rates  charged  instead  of 
schedule  rates,  which  are  known  not  to  have  been  observed." 

"  Down  to  1879  the  rates  were  quoted  in  a  depreciated  and  fluctuating 
currency,  which  at  times  made  them  very  much  greater  than  if  they  had 
been  in  the  present  standard  gold  currency.  The  rates  are  truly  very 
much  less  now  than  they  used  to  be;  but  the  decline  since  1865  has  been 
not  nearly  so  great  as  the  figures  make  it  appear.  For  instance,  when 
the  $1.60  rate  was  made,  December  24,  1864,  gold  was  at  a  premium  of 
about  122  per  cent.,  and  the  $1.60  in  currency  would  bring  but  72*  cents 
in  gold.  The  decline  from  72 §  cents  then  to  25  cents  now  is  truly  a  great 
one,  but  it  is  not  properly  84  per  cent.,  as  would  appear  from  the  cur- 
rency figures,  but  less  than  66  per  cent.  The  lowest  rate  of  1864,  75 
cents,  was  made  when  gold  was  175,  and  amounted  to  but  43  cents  in 
gold — large  in  proportion  to  the  15-cent  rate  at  the  same  time  last  year, 
but  not  187  per  cent,  greater,  as  appears  from  the  schedule  figures.  To 
check  the  effect  of  the  premium  on  gold,  we  give  below  the  gold  value  of 
the  highest  and  lowest  rates  in  each  year  at  the  time  the  rates  were  made 
down  to  the  time  of  the  disappearance  of  the  premium  on  gold,  in 
cents: 


Year.  Highest.    Lowest. 

1864 60  43 

1865 83  43 

1866 83  43 

1867 68  37 

1868 64  41 

1869 55*  38 

1870 53  35 

1871 58  36 


Year.  Highest.  Lowest. 

1872 60  40 

1873 58  38 

1874 54  36 

1875 38  27 

1876 40  18 

1877 39  29 

1878 39  20 
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"  Thus  from  the  end  of  the  war  to  the  close  of  1878  both  highest  and 
lowest  rates  had  been  reduced  something  more  than  one-half. 

"  Since  1878,  during  a  period  when  there  has  been  an  organization 
of  the  railroad  companies  to  prevent  the  irregular  reduction  of  rates,  the 
highest  and  lowest  in  each  year  have  been: 


Year. 
1879. 

1880. 

1881. 


Highest.  Lowest. 

..40  10 

..40  30 

. .  40  12* 


Year. 

1882. 
1883. 
1884. 


Highest.  Lowest. 

.  .  30  12* 

..30  25 

..30  15 


"  Thus  in  the  last  three  years  the  highest  winter  rate  has  been  one- 
fourth  less  than  in  the  three  years  previous;  and  now,  in  1885,  we  have 
a  winter  rate  of  25  cents — still  lower  than  any  heretofore  established  for 
the  winter. 

"  We  find  that  with  navigation  closed  they  made  a  rate  of  40  cents  in 
the  faU  of  1879,  35  in  1880,  30  in  1882  and  1883,  and  25  in  1884;  and 
meanwhile  the  summer  rate  which  they  have  desired  to  make  has  fallen 
from  30  to  25  cents — certainly  as  great  a  cheapening  of  one  of  the  great- 
est elements  in  the  cost  of  production  as  the  most  sanguine  could  have 
hojjed  for. 

"  But  it  is  evident  that  there  can  be  no  such  reduction  of  rates  here- 
after. The  charge  having  fallen  from  83  to  25  cents,  there  is  little  room 
left  for  it  to  fall.  Nowhere  else  on  earth  are  rates  so  low;  and  whatever 
reduction  in  working  expenses  may  be  made  hereafter,  it  cannot  make  it 
possible  to  reduce  a  charge  of  25  cents  by  58,  40,  or  even  25  cents. 

"  It  is  probable,  indeed,  that  it  will  be  long  before  there  is  any  reduc- 
tion. A  25-cent  rate  leaves  so  small  a  margin  over  the  cost  of  transporta- 
tion that  there  will  be  little  interest  in  securing  traffic  if  there  is  a 
further  reduction. " 

Capt.  M.  M.  Drake,  in  his  discussion  of  Mr.  Sweet's  paper,  says  : 
"Thirty  years  ago  our  largest  craft  for  transporting  freight  did  not  ex- 
ceed 20  000  bushels,  or  600  tons."  Now  100  000  bushels  or  3  000  tons  is 
the  maximum.  Then  the  depth  on  the  St.  Clair  Flats  was  9*  feet ;  now 
it  is  16  feet.  The  depths,  according  to  Gen.  Poe  (see  his  letter  in  this 
discussion),  have  been  to  1858,  9*  feet;  to  1871,  12  feet;  to  1874,  13  feet; 
and  to  the  present  time,  16  feet. 

Capt.  Clinton  B.  Sears,  in  his  paper,  road  before  the  Society,  on  Tidal 
Harbor  Improvements    (Vol.  V,  p.  394),  says:    "High  authorities  now 
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agree  that  the  capacities  for  tonnage,  of  different  channels,  vary  as  the 
cubes  of  their  depths."  In  this  case  the  increased  tonnage  seems  to 
have  followed  the  ratio  given  very  closely.  The  average  yearly  receipts 
of  grain  at  Buffalo,  not  including  that  brought  by  the  Lake  Shore  Bail- 
road,  from  1836,  according  to  Mr.  Thurston's  "Sketch"  during  the 
above  periods,  were  as  follows  : 

23  years,  1836-'58,  9£  feet  water,  average  per  year,  12  549  329  bushels. 
13       "      1859-71,  12  "  "  "  51  796  826       " 

3       "      1872-74,  13  "  "  "  68  642  459       " 

9       "      1875-'83,  16  "  "  "  73  383  129       " 

The  same  is  given  by  decades  : 

1836-'45  4  185  144  " 

1846-'55 17  471744  " 

1856-'65 43  239  032  " 

1866-75 59  712  167  " 

1876  to  and  including  1883 73  275  180  " 

Many  schemes  have  been  broached  for  the  improvement,  or  other- 
wise, of  the  canal — such  as  lengthening  the  locks  to  allow  the  passage 
of  two  or  more  boats,  increasing  the  depth  one  foot,  using  tugs,  placiDg 
a  narrow  gauge  railroad  track  on  each  bank  for  towing,  employing  the 
Belgian  cable  system;  and,  lastly,  building  a  double-track  railroad  in 
the  bed  of  the  canal. 

Commissions  on  the  improvement  of  the  canal,  appointed  from  time 
to  time,  have  overlooked  the  very  obvious  expedient  of  feeding  the 
canal  from  Lake  Erie,  as  proposed  by  Mr.  Sweet,  and  it  has  been  gen- 
erally understood  that  no  radical  enlargement  of  the  canal  was  possible 
without  recourse  to  pumping.  Thus,  fortunately,  the  way  is  left  unob- 
structed by  minor  improvements  or  half  way  measures  for  an  enlarge- 
ment to  a  scale  necessary  to  handle  with  speed  a  traffic  of  over  50  000  000 
tons  per  annum — that  is,  doubling  from  our  own  resources  every  ten 
years,  to  say  nothing  of  the  freight  to  be  added,  to  and  from  the  country 
opened  by  the  Canadian  Pacific  Bailroad,  all  of  which  should  pass 
through  this  country,  affording  us  the  advantages,  both  from  freight  and 
exchange,  claimed  by  Geo.  J.  Goschen  in  his  "  Theory  of  the  Foreign 
Exchanges,"  as  follows  : 

"The  effect  of  profits  and  commissions  on  the  mutual  liability  of 
nations  is  much  the  same  as  that  exercised  by  interest.     Among  such 
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profits  we  may  class  the  freights  earned  by  ships  of  various  countries; 
the  country  which  becomes  the  carrier  for  others  establishing  claims 
against  them  by  which  it  can  pay  for  its  importations  from  them. 

"The  charge  for  freight  acts  with  the  same  force  as  a  charge  for  a 
commodity  actually  produced  and  exported.  An  exclusively  maritime 
country  could  discharge  its  obligations  to  other  countries  which  supply 
it  with  necessai'ies  simply  by  becoming  their  carrier,  without  exporting 
any  produce  or  manufacture  to  them  in  return. 

"A  favorable  position  may  enable  one  nation  to  make  others  its 
debtors  for  various  tributes  and  commissions.  A  country  which  medi- 
ates the  transactions  of  many  others,  and  through  its  position  as  a  great 
banking  and  mercantile  center  is  able  to  secure  some  slight  commission 
or  profit  upon  all  the  operations  it  assists  in  conducting,  derives  no 
inconsiderable  revenue  from  this  source. 

"The  interest  and  commissions  which  are  still  paid  by  almost  every 
country  to  English  capitalists  certainly  form  a  noticeable  element  in  the 
revenue  by  which  England  is  enabled  to  discharge  her  enormous  foreign 
liabilities  " 

The  Cologne  Gazette  claims  that  Germany  pays  yearly  to  England 
$36  515  000  on  her  commerce,  passing  through  English  hands,  distributed 
as  follows:  Freight,  $18  000  000;  agents'  commissions,  $14  000  000; 
insurance,  &c,  $4  515  000. 

It  is  not  intended  at  this  time  to  discuss  the  technical  points  that  will 
be  involved  in  the  construction  and  maintenance  of  the  proposed  canal, 
but  rather  to  examine  the  question  of  its  necessity,  the  resources  for  its 
construction,  and  the  probability  of  its  proving  remunerative  to  our 
country  when  completed. 

Arguments  are  not  required  to  show  that  the  route  by  the  lakes  and 
Erie  Canal,  though  no  longer  the  chief  factor  in  the  distribution  of  freight, 
is  a  controlling  factor  in  the  price  received  for  that  service.  And  it  will 
be  seen  by  referring  to  Table  No.  3,  that  for  the  past  11  years  the  freight 
charges  per  bushel  on  wheat,  from  Chicago  to  Buffalo,  905  miles,  have 
averaged  3^ft,  cents  =  $1.171VU  per  ton,  or  lft  mills  per  ton-mile.  At 
this  rate  per  ton-mile  the  canal  and  river  freight,  495  miles,  would  have 
been  1  ,V0  cents  per  bushel,  against  4  pfo  cents,  the  average  for  the  two 
years  that  no  toll  has  been  charged  on  the  canal. 

With  the  enlargement  a  boat  should  not  take  more  time  to  pass 
through  the  canal  and  river  than  through  the  lakes.  Nor,  with  the  canal 
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free,  should  the  freight  charges  be  larger  on  the  canal  and  river  than  on 
the  lakes,  giving  us  a  saving  of  (2.8  the  average  for  the  two  years 
under  consideration  against  4.55)  li\%  cents  per  bushel. 

Answering  an  inquiry,  the  Hon.  J.  R .  Dodge,  Statistician  to  the  De- 
partment of  Agriculture,  kindly  sent  the  following  estimate  of  grain 
affected  by  cheapening  canal  transportation : 

Depaktment  of  Agkicultuke,  [ 

Washington,  D.  C,  January  26th,  1885.  J 

Snt, — The  conclusion  of  our  work  of  revision  of  estimates  enables 
me  to  give  the  amount  of  grain  affected  abstractly  by  the  cheapening  of 
canal  freights  from  Buffalo  west  to  the  Missouri  ;  the  product  is  thus 
given: 


States. 


Bushels. 


West  Virginia 3  318  000 

Kentucky 13  425  000 

Ohio 41186  000 

Michigan 29  772  000 

Indiana 33  745  000 

Illinois 32  374  000 

Wisconsin 20  083  000 

Minnesota .  41  307  000 


States. 


Iowa 

Missouri . . . 
Kansas .... 
Nebraska. . . 
Dakota. 

Total 


Bushels. 

31  270  000 

27  500  000 

34  990  000 

28  325  000 

22  330  000 

359  625  000 

On  the  amount  as  above  given  by  Mr.  Dodge  one  per  cent,  per  bushel 
would  give  $3£  millions  for  distribution  between  the  farmers  and  con- 
sumers. 

The  price  of  wheat  in  England,  which  to  a  great  extent  governs  the 
price  of  all  the  wheat  raised,  is,  at  the  present  time,  lower  than  ever  be- 
fore :  lately,  30s.  6d.  per  quarter,  or  91$  cents  per  bushel. 

Tables  Nos.  5  and  6  show  the  production  and  consumption  in,  and 
exportation  from  this  country,  of  corn  and  wheat  for  the  last  18  years, 
and  Table  No.  7  shows  the  production,  importation,   price,  &c,  for  19 
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years  in  England.  By  the  kindness  of  Mr.  Dodge,  Table  No.  8  is  added, 
showing  the  production  of  the  world,  2  303  200  000  bushels. 

Comparing,  in  Table  No.  7  the  3  years  ending  1868  with  the  3  years 
ending  1884,  we  find  that  in  the  latter  period  the  average  acreage  is 
84.4  per  cent.,  the  yield,  73.1  per  cent.;  the  importations,  216.3  per 
cent. ,  and  the  price,  73. 7  per  cent,  of  that  in  the  first  named  period. 

Including  and  since  1872  about  50  per  cent,  of  the  English  importa- 
tions have  been  from  this  country,  55  per  cent,  of  our  wheat  and  flour  going 
to  the  United  Kingdoms,  they  having  received  21%  of  their  imports 
from  us  in  1872,  65.4%  in  1880,  which  has  fallen  to  41.6%  in  the  year 
ending  June  30,  1884,  though  our  maximum  export  to  England, 
87  134  700  bushels,  was  in  1882. 

TABLE  No.  8. 

Wheat  Product  of  the  World,  as  Estimated  by  Dr.  Neumann 

Spallert. 


Years. 

Wheat  &  Spelt. 

Other  Countries. 

Years. 

Wheat  &  Spelt. 

European 
Countries. 

a  t, 
.2  S3 
So 

W 

as 

o  a> 

-■5 
g  a 

BQ 

a  p, 
.2  ■" 
S  o 

as 

sja 
3  a 

1881 
1881 
1882 
1881 

1882 
1876 

1880 
1881 
1882 
1881 
1880 
1881 
1877 
1875 
1875 

93.4 

32.8 

122.2 

43.0 

30.4 
50.9 
61.1 

31.2 
1.1 
1.3 
7.6 
2.1 

2.7 

.1 

1.6 

208.3 

93.1 

346.8 

122.0 

86.3 
114.4 
173.4 

88.5 
3.1 
3.7 

21.6 
6.0 

7.7 

.3 

4.5 

United    States     of 
British  East  India. 

Egypt 

Chili 

1882 
1881 
1881 
1880-81 
1879 
1881 
1879 
1874 

177.3 
108. 
10.7 
10.8 
7.5 
4.6 
7.2 
4. 
811.6 

German  Empire 

France  

330.9 
306.5 

Austria-Hungary 

Great    Britain    and 

30.4 
30.6 
21.3 

Italy 

13.1 

18.4 

Lower        Danubian 

Total 

11.4 
2303.2 

Netherlands .. 

Finland 
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The  future  rate  or  amount  of  increased  production  of  wheat  in  our 
own  country  is  a  matter  of  conjecture.  Taking  the  four  decades  ending 
1881  to  1884,  the  average  increase  has  been  over  20  000  000  bushels  per 
annum,  and  it  seems  probable  that  the  opening  of  our  Northwest  will 
proceed  for  a  few  years,  at  least,  with  equal  rapidity.  The  development 
of  this  section  is  partly  shown  in  tables  Nos.  9  and  10,  kindly  furnished 
by  T.  F.  Oakes,  Vice-President  and  General  Manager  of  the  Northern 
Pacific  E.  K. 

TABLE  No.  9. 

Statement  showing  shipments  of  Wheat  from  the  line  of  the  Northern 
Pacific  B.  E.  to  Minneapolis  and  Duluth  for  a  series  of  years. 


Year 

To  Minneapolis. 
Bushels. 

To  Duluth. 
Bushels. 

Total. 
Bushels. 

1875 

176  828 

176  828 

1876 

196  679 

196  679 

1877 

8  000 

546  619 

554  619 

1878 

72  000 

1  143  871 

1  215  871 

1879 

377  500 

1  883  107 

2  260  607 

1880 

574  000 

2  707  236 

3  281  236 

1881 

1  152  500 

2  953  308 

4  105  808 

1882 

1  235  500 

3  093  762 

4  329  262 

1883 

1  639  975 

4  715  438 

6  355  413 

1884 

904  938 

6  043  339 

6  948  277 

5  964  413 

23  460  187 

29  424  600 

Note. — During  this  time,   1  350  miles  of  railroad  have  been  built  by  other  companies  in 
country  tributary  to  the  Northern  Pacific  in  Minnesota  and  Dakota. 
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TABLE  No.  10. 

Statement  of  sales  of  land  made  by  Land  Department  Northern 
Pacific  E.  B.  during  1884,  in  the  State  and  territories  named  below 
(sales  in  latter  part  of  December,  '84,  estimated) : 

Minnesota 10  188.65  acres  for $45  287.03 

Dakota 173  348.60      "      "   981804.71 

Montana 56  016.47      "      "   205  554.47 


239  553.72      "      "  $1  232  646.21 

There  is  less  general  knowledge  of  the  country  opened  by  the 
Canadian  Pacific.  It  is  asserted  by  official  authority  that  wheat  can  be 
grown  nearly  up  to  the  60th  parallel,  and  a  writer  in  Engineering  for 
July  25, 1884,  says:  "  Supposing  only  one-fifth  of  the  375  000  000  acres 
of  wheat  land  said  to  be  available  in  the  Canadian  Northwest  be  brought 
into  cultivation;  that  the  average  yield  is  only  21  bushels  per  acre,  and  6 
of  these  are  retained  for  seed  and  local  consumption,  it  still  leaves 

1  000  000  000  bushels  for  exportation."  This  past  year  the  country  is 
said  to  have  6  000  000  bushels  for  exportation,  and  it  is  claimed  that  a 
yearly  increase  of  50  per  cent,  is  a  moderate  estimate  for  the  future, 
which,  by  1891,  would  give  them  100  000  000  bushels  for  export. 

A  writer  in  the  "London  Miller"  says  that  India  can  produce 
960  000  000  bushels  of  wheat  per  annum.  The  importations  of  Indian 
wheat  into  the  United  Kingdom  for  the  15  years  ending  1881  have 
averaged  about  8  500  000  bushels.  But  for  the  year  ending  March  31st, 
1882,  37  000,000  bushels  ;  for  '83,  26  400  000,  and  for  '84,  about  43  000- 
000  bushels  were  received.  England,  convinced  by  long  experience  and 
intelligent  observation  of  the  advantage  of  expending  public  money  to 
develop  her  resources,  is  both  building  and  subsidizing  railroads  in 
India,  and  will  probably  soon  be  doing  the  same  thing  in  Egypt. 

These  notes  on  the  future  production  of  wheat  are  of  great  interest 
to  transportation  lines,  the  public  generally,  and  to  our  farmers  in  par- 
ticular; for  by  Davenant's,  Whewell's,  Jevons's  and  others,  deductions 
from  "  Gregory  King's  celebrated  estimate  of  the  variation  in  the  price 
of  corn,"  it  appears  that  the  price  varies  inversely  with  the  square  of 
the  supply.     Applying  this  rule  to   the   estimated  yield  of   the  world, 

2  303  200  000  bushels,  we  find  that  an  additional  supply  of  100  000  000 
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bushels  would   reduce  the  price   of  $1  wheat   to   91.86   cents,  and  the 
price  of  85  cent  wheat  to  7(J.81  cents. 

King's  estimate  was  made  at  a  time  when  England  neither  exported 
nor  imported  wheat  to  any  extent,  and  such  substitutes  for  wheat  as  po- 
tatoes were  unknown  ;  any  reasoning  from  the  formula  given  above 
should  recognize  the  use  of  potatoes,  etc.,  in  times  of  financial  or  other 
strictures,  also  the  effects  of  increase  in  population  and  prosperity.  But 
after  making  all  these  allowances,  it  can  hardly  be  doubted  that  the 
price  of  wheat  will  suffer  a  further  decline  that  will  seriously  diminish 
the  purchasing  power  of  our  farmers,  who  constitute  about  44  per  cent, 
of  those  who  work  at  gainful  occupations  in  our  country. 

A  fall  of  5  cents  per  bushel  in  the  price  of  wheat  would  reduce  their 
income  by  from  $20  000  000  to  $25  000  000,  which  would  be  taken  mainly 
from  articles  that  go  to  make  life  better  worth  living,  the  freight  on 
which  pays  the  highest  price  to  transporters. 

The  increasing  production  of  wheat  can  only  be  stopped  by  render- 
ing it  unprofitable,  and  since  countries  dependent  on  wheat  grown  for 
export  have  always  been  among  the  poorest,  an  immense  amount  of 
misery  will  be  endured  before  that  point  is  reached. 

There  seem  only  these  methods  of  alleviating  the  probable  distress 
of  our  farmers,  and  of  those  who  directly  or  remotely  serve  them,  viz. : 
either  increasing  the  relative  number  of  consumers,  or  finding  new 
markets  for  our  agricultural  products,  or  increasing  the  efficiency  of 
labor  and  machinery  used  in  making  the  crop,  or  decreasing  the  cost 
of  distribution.  If  Mr.  Sweet's  proposed  enlargement  of  our  canal  will 
accomplish  the  last  it  should  have  the  vigorous  and  immediate  sup- 
port of  both  the  State  and  National  Governments. 

The  report  of  the  House  Military  Committee  for  1862  exhibits  to  us 
another  necessity  for  enlarging  the  canal  as  follows: 

"  The  United  States  and  Great  Britain  are  equally  prohibited  by 
treaty  stipulations  from  building  or  keeping  afloat  a  fleet  of  war  vessels 
upon  the  lakes.  At  the  same  time,  on  the  shores  of  these  lakes  the 
United  States  have  many  wealthy  towns  and  cities,  and  upon  their  waters 
an  immense  commerce  ;  these  are  unprotected  by  any  defenses  worthy  of 
special  notice,  but  are  as  open  to  incursion  as  Mexico  when  invaded  by 
Cortez. 

"A  small  fleet  of  light- draft,  heavily  armed,  iron-clad  gunboats 
could,  in  one  month,  in  despite  of  any  opposition  that  could  be  made  by 
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extemporized  batteries,  pass  up  the  St.  Lawrence  into  the  lakes  and  shell 
every  city  and  village  from  Ogdensburg  to  Chicago.  At  one  blow  it 
could  sweep  our  commerce  from  that  entire  chain  of  waters.  To  be 
able  to  strike  a  blow  so  effective,  Great  Britain  constructed  a  canal 
around  the  Falls  of  Niagara.  By  this  single  work  the  entire  chain  of 
lakes  was  opened  to  all  British  light-draft  ocean  vessels. 

"Perceiving  our  ability  to  erect  works  upon  the  St.  Lawrence  that 
might  command  its  channel,  and  thus  neutralize  all  they  had  done, 
Great  Britain  dug  a  canal  from  the  foot  of  Lake  Ontario,  on  a  line  par- 
allel to  the  river,  but  beyond  the  reach  of  American  guns,  to  a  point  on 
the  St.  Lawrence  below,  beyond  American  jurisdiction,  thus  securing 
a  channel  to  and  from  the  lakes  out  of  our  reach. 

"Occupied  by  our  own  vast  commercial  enterprises  and  by  violent 
party  conflicts,  our  people  failed  to  notice  at  the  time  that  the  safety  of 
our  entire  Northern  frontier  had  been  destroyed  by  the  digging  of  two 
short  canals.  Near  the  head  of  the  St.  Lawrence  the  British,  to  complete 
their  supremacy  on  the  lakes,  have  built  a  large  naval  depot  for  the  con- 
struction and  repair  of  vessels,  and  a  very  strong  fort  to  protect  the 
depot  and  the  outlet  of  the  lake — a  fort  which  cannot  be  reduced,  it  is 
supposed  by  them,  except  by  regular  approaches. 

"  The  result  of  all  this  is  that,  in  the  absence  of  ships-of-war  on  the 
lakes  and  of  means  to  convey  them  there  from  the  ocean,  the  United 
States,  upon  the  breaking  out  of  a  war,  would,  without  navy  yards 
and  suitable  docks,  have  to  commence  the  building  of  a  fleet  upon  Lake 
Ontario  and  another  upon  the  Upper  Lakes." 

The  writer  knows  that  such  citations  will  encounter  the  adverse  force 
of  English  opinion,  that  so  readily  and  ably  comes  to  the  front  in  all  in- 
stances where  the  interests  of  the  two  countries  are  likely  to  conflict. 
But  England,  that  has  seven  armored  vessels  carrying  22  seven-inch 
rifled  cannon,  and  over  100  unarmored  ones  cai-rying  106  seven-inch 
rifles,  and  some  300  sixty-four-pounders  and  machine  guns,  all  of  which 
will  pass  through  the  locks  of  the  enlarged  Welland  Canal,  is  the  only 
power  that  can  more  than  skirmish  on  our  seaboard. 

Our  war  of  1812,  costing  $100  000  000,  and  30  000  lives,  when  our 
population  was  about  8  000  000,  was  forced  on  us  greatly  in  consequence 
of  our  lack  of  preparation  for  it,  and  there  is  no  mode  by  which  a  na- 
tion can  so  certainly  prevent  those  aggressions  that  lead  to  war  as  be- 
ing thoroughly  prepared  for  war.    It  is  said  that  Chancellor  Livingston, 
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as  one  of  the  Governor's  Council,  cast  the  deciding  vote  for  the  con- 
struction of  the  Erie  Canal,  more  as  preventive  of  another  war  with 
Great  Britain  than  as  a  commercial  enterprise. 

The  cost  to  this  Government  of  the  Union  and  Central  Pacific  Rail- 
roads, completed  in  1869,  was  a  loan  of  $54  000  000,  which  will  probably 
be  repaid.  The  cost  of  one  summer's  campaign  on  the  Plains  against 
the  Indians,  during  the  construction  of  these  roads,  was  said  to  have 
been  $55  000  000,  and  no  one  can  look  for  the  return  of  that  money. 
Now,  there  are  five  lines  of  railroads  to  the  Pacific,  and  Indian  cam- 
paigns are  of  the  past. 

The  resources  of  our  country  available  for  constructing  the  enlarged 
canal  are  much  more  abundant  than  when  a  four-foot  navigation  was 
determined  on  in  1817. 

Table  No.  11  shows  the  population  of  the  United  States  in  the  years 
1810,  1820,  1830  and  1880  ;  also  the  population  of  the  States  directly 
served  by  the  canal  in  the  above  mentioned  years. 

TABLE  No.  11. 


1810. 

1820. 

1830. 

1880. 

Total  population  of  U.  S. . . . 

Population  of  States  and  Ter- 
ritories west  of  Pennsylva- 
nia and  nortli  of  the  Ohio, 
including  Missouri,  Kan- 
sas and  Dakota. 

Population  of  New  York  and 

Population   of  New    England 

7  239  881 

293  169 
1  204  601 
1  471  973 

9  633  822 
11  249 

858  957 
1  649  537 
1  659  579 

12  866  020 
921 

1  610  473 

2  239  431 
1  954  717 

50  155  783 

17  364  111 
6  213  987 
4  010  529 

Total  for  States  above 

2  969  743 

4  168  073 
4  986 

5  804  621 
347 

27  588  627 

If  we  assume  the  increase  of  population  to  have  been  uniform 
between  1820  and  1830,  it  will  be  seen  that  while  the  whole  country  has 
increased  since  the  completion  of  the  canal  at  the  rate  of  438  per  cent., 
the  country  immediately  served  by  it  has  increased  at  the  rate  of  553.3 
per  cent. 
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The  increase  in  our  resources  in  the  last  30  years  is  partly  shown  by 
the  following,  taken  from  a  pamphlet  on  "  The  Relations  of  the  Rail- 
roads to  Commerce,"  by  the  Hon.  Joseph  Nimmo,  Jr.,  Chief  of  Bureau 
of  Statistics : 

Material  Resources  of  the  United  States  in  1850  and  in  1880  : 


1850. 

1880. 

Per  cent. 

of 
Increase. 

23  191  876 

50  155  783 

216 

Improved  land  in  farms,  acres 

113  032  614 

*284  771  042 

252 

Wheat  produced,  bushels. . . 

100  485  944 

420  154  500 

418 

Corn,    "       "   .... 

592  071  104 

1  551  066  895 

262 

Pig  iron  produced,  tons 

563  755 

5  146  972 

913 

Coal       "     "  

7  358  899 

96  000  000 

1304 

Railroads  in  operation,  miles. 

9  021 

121  592 

1348 

Value  of  products  of  manu- 

$1  019  106  616 

*$5  369  579  191 

526 

*  For  the  census  year  1880. 

The  foreign  commerce  of  New  York  has  increased  as  follows 


Exports. 

Imports. 

1817 

1825 

$18  707  433 

35  259  261 

384  613  204 

$49  636  174 

1883 

486  355  355 
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The  assessed  valuation  was  : 


1817 
1825 

1883 


State  of  New  York.  County  of  New  York. 


8299  418  207 

312  393  655 

3  014  591  372 


$78  895  735 

101  160  046 

1  079  130  669 


The  number,  capital,  deposits,  &c,  of  banks  in  1830  and  1882,  the 
extreme  years  attainable,  was  as  follows  : 


c 

93 

s 

a 

to 

Capital. 

Deposits. 

Circulation. 

Loans  and 
Discounts. 

1830 

330 

2664 
1061 
3725 

$145  000  000 
524  000  000 
123  000  000 

$647  000  000 

$55  000  000 

992  000  000 

490  000  »00 

$1482  000  000 

$61  000  000 
289  000  000 

$289  000  000 

$200  000  000 

1882,  Nat'l  banks... 

"    State 
Total  for  1882    . .  , 

1  245  000  000 
Not  obtained. 

Few  can  doubt  that  either  the  State  or  General  Government  could 
easily  procure  the  money  necessary  for  the  proposed  improvement  of 
the  Erie  canal  at  3  or  3  £  per  cent. 

The  ease  with  which  money  can  be  raised  to  prosecute  large  public 
works  when  the  project  commands  confidence,  is  shown  by  the  expend- 
iture of  $54  419  000  on  additions  to  construction  by  the  New  York 
Central  and  Hudson  River  Railroad  in  the  past  11  years,  understood  to 
have  been  greatly  used  in  constructing  the  3d  and  4th  tracks;  the  com- 
pletion of  a  double-track  road  to  Buffalo,  by  the  Delaware,  Lackawanna 
and  Western  Railroad  ;  the  second  tracking  of  the  Erie  Railway  ;  the  ex- 
penditures of  the  Lehigh  Valley  Railroad  at  and  about  Buffalo;  the  com- 
pletion of  roads  to  Emporium  and  Pittsburgh,  and  the  partial  comple- 
tion of  the  West  Shore  Railroad.  The  increase  in  the  stock  and  bonded 
indebtedness  of  the  roads  mentioned  above  during  the  11  years  has  been: 
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N.  Y.  C.  and  H.  R.  II.  R $22  261  700 

Erie 33  384  382 

Pennsylvania 41  075  653 

Lehigh  Valley 18  359  604 

Delaware,  Lackawanna  and  Western 30  997  003 

N.  Y.,  West  Shore  and  Buffalo 78  491  400 

$224  569  742 

Most  of  these  expenditures  were  made  to  compete  with  canal  and 
river  freights,  which,  on  wheat,  have  averaged  for  the  past  11  years 
$2  13$  per  ton  from  Buffalo  to  New  York,  or  41a0  mills  per  ton-mile, 
showing  the  soundness  of  Dean  Richmond's  views  when,  as  President 
of  the  New  York  Central,  he  used  his  influence  to  free  the  canal  from 
tolls  and  increase  its  prism,  so  that  it  should  be  more  efficient  in  carry- 
ing grain  and  heavy  freight,  saying  that  men  travel  over  the  same 
general  routes  that  freight  follows,  and  by  increasing  the  efficiency  of 
the  water  routes  for  raw  and  bulky  produce,  the  railroads  parallel  to 
that  route  would  have  increased  traffic  from  passengers  and  manufac- 
tured articles. 

Ex-governor  Seymour,  whose  opinions  derive  weight  from  his  loDg 
and  intimate  connection  with  the  canals  of  this  State,  maintains  that  the 
phenomenal  prosperity  of  our  country  during  the  past  20  years  is  due  to 
the  cheapening  of  transportation  rates  by  the  lake  and  canal  route;  and 
Edward  Atkinson,  in  his  tract  "The  Railway,  The  Farmer  and  The 
Public,"  says:  "Had  the  actual  quantity  of  merchandise  moved  by 
railroad  in  the  year  1880  been  subjected  to  the  average  rate  per  ton  per 
mile  which  was  charged  for  1866  to  1869  inclusive,  the  difference  would 
have  amounted  to  at  least  $500  000  000  and  perhaps  $800  000  000  more 
than  the  actual  charge  of  1880,"  and  he  marshals  many  figures  which  show 
the  interdependence  between  the  increase  of  grain  crops  and  miles  of 
railroads  on  the  one  hand,  and  the  decrease  of  freight  rates  on  the  other. 
If  the  conclusions  of  these  gentlemen  are  correct,  the  proposed  improve- 
ment in  the  Erie  Canal  may  more  than  repay  the  country  its  cost  in  one 
year. 

By  Table  No.  12,  it  will  be  noticed  that  for  the  past  6  or  7  years  rail- 
road freights  east  of  Chicago  have  been  about  stationary,  near  8  mills 
per  ton-mile,  and  at  that  rate  the  railroads  have  kept  the  canal  freights 
from  increasing,  and  Table  No.  13  shows  that  they  have  carried  a  gen- 
erally increasing  percentage  of    grain  from  Chicago  to   the   seaboard. 


TABLE  No.  12. 


RAILROADS    ItEPORTTNO    TO    THE  STATE  OF   NEW   YORK. 


Grain  Crops 
T/sttih  State.-. 


1127  499  187 
1  343  027  858 
1  329  729  400 
1  450  789  000 
1  491  412  100 
1  629  027  600 
1  528  776  100 
1  664  331  600 
1  538  892  891 

1  455  180  200 

2  032  235  300 

1  962  821  600 

2  178  934  646 
2  302  254  050 
2  434  884  541 
2  418  079  181 
2  066  029  670 
2  699  394  496 
2  623  319  089 


Value  of  Exports 

of  Bread  and 

Breadstuff* 

from  the 

United  stat.  - 


$53  041  231 
41  249  054 
41  288  804 
69  024  059 
53  724  154 
72  990  938 
79  381 187 
84  586  273 
98  743151 

161  198  864 
111  458  265 
131  181  655 
117  806  476 

181  777  841 

21"  ;;.-  528 

2--  HOC  ■■■■'■ 

270  83!  619 

182  670  528 
208  040  860 

162  544  715 


70  643  481 
151 152  094 
257  814  234 
264  661  666 
167  683  912 
369  712  718 

25  902  683 
100  658  488 

72  815  916 


72  716  277 
85  052  544 

101  264  955 
75  483  541 

131  388  682 
43  186  640 
77  403  506 

182  417  401 

119  656  288 


Miles  in 
Operatic] 

January  1st. 


2  440 
2  079 
4  616 


4  KIT 
2  105 

1  713 

2  712 
2  2B1 
2  687 
4  721 
7  048 
0  789 

11  691 
6  618 


36  801 
39  2511 
42  229 
46  844 
52  914 
60  293 
66  171 
70  278 
72  383 
74  096 


81  770 
80  497 
93  545 
1113  334 
114  925 
121  543 


Rate 
Received 
per  ton 


20  572  212 
22  739  447 
27  427  415 
34  358  119 

33  555  695 
32  408  547 

34  163  938 
34  984  781 
38  320  573 
47  350  174 
57  356  128 
06  584  375 
71  171  510 
71010  679 


1.7016 
1.7005 
1.6615 
1.6000 

1.4480 


435  417  629 

455  016  715 

589  362  849 

769  087  777 

888  327  865 

1  020  908  885 

1  216  650  063 

1  301  560  707 

1  404  008  029 

1  674  447  056 

1  010  948  685 

2  012  755  132 
2  295  827  387 
2  525  139  145 
2  646  804  098 
2  394  799  310 
2  200  800  780 


operating 
Earnings. 


77.64 
68.00 
64.18 
62  91 
61.95 
64.29 
63.22 
62  34 
01.93 
6J.4S 
61.16 
61.11 
59.26 
59.04 
66.38 
71.08 
68.34 


RAII.lonliS    Ul  ruKTINO    To    THE    STATE    OF   OHIO 


Ill-'OOBllIoN  i.K  FUKIO 


Coal, 

Ores.  Iron 


I  ii.  Ti:Onr. 


14  559  704 
14  864  598 
15164  340 
20  083  068 
26  589  562 
26  199  435 
25  750  501 
2'.'  .:t-  799 

30  338  004 

31  909  172 
33  487  248 
48  511  170. 
55  279  369 
61  226  315 
03  083  423 


factored 
Articles. 


Stock  and 
'     Animal 

Products 


Pelrole- 

cliaudise 


54.88 
52.79 
57.38 
57.48 
72  91 
69.10 
60.19 
49.91 
55.23 


in  .'ii 
40.50 
41.93 


60.30 

40.10 

51.52 

38.23 

63.18 

43.88 

53.42 

46.64 

61.47 

60.95 

66.63 

50.77 

9.08 

8,75 
7.50 


31.61 

30.22 
30.21 


38.20 
34.13 
31.32 
23.03 
25.89 


18.91 

20.53 
20.36 
20.80 
15.19 
12.70 
13.97 
13.65 
17, 11 
13.67 


1  332  317  931 
1  673  017  568 

1  773  983  405 

2  023  292  084 

3  420  880  453 
3  717  022  979 
3  431  745  707 

3  799  397  649 

4  146  926  306 
4  286  378  592 
4  914  503  869 
0  655  562  182 

7  607  215  616 

8  244  019  660 
8  677  357  803 


9  136  416 

10  361  078 

11  883  657 

12  000  000 

12  068  832 

13  886  688 

15  487  291 

17  193  948 

18  176  963 
17  297  852 

16  620  151 
15  040  873 
20  475  093 
22  830  441 
29  210  984 
31  378  589 


470  284  402 
655  189  996 
413  419  043 
549  515  164 
605  614  937 
621  887  641 
654  804  294 
653  184  018 
697  097  680 
591  003  887 
642  614  915 
767  870  514 
920  108  052 
1  098  768  751 
1  131  648  653 


674036  671 

733  670  696 

924  844  140 

1  053  927  189 

999  342  041 

943  236  161 

1 133  834  828 

1  080  005  661 

1  340  407  826 

1  733  423  440 

1  851 166  018 

2021  775168 

1  892  868  224 

1  689  512  415 
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TABLE  No.  13. 

Shipment  of  Flour  and  Grain  from  Chicago  by  Lake  and  Rail 
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flour- 

-BARKELS. 

by  Lake. 

82.0 

By  Rail. 

Total. 

1858... 

377  500 

81539 

459  039 

1859... 

365  300 

54.4 

306  523 

671  823 

1860... 

218  400 

34.8 

408  082 

626  482 

1861... 

542  700 

35.1 

1  001 618 

1544  318 

1862... 

1  144  000 

63.0 

672  000 

1  816  000 

1863... 

1  006  000 

78.8 

27"  800 

1  276  800 

1864. . . 

1  034  300 

83.1 

210  000 

1  244  300  1 

1865... 

646  000 

47.4 

717  300 

1  363  300 

1866. . . 

481  000 

23.6 

1  555  700 

2  036  700 

1867... 

650  367 

33.9 

1  267  558 

1  917  925 

1868. . . 

774  556 

28.4 

1  949  261 

2  723  817 

1869. . . 

829  272 

35.4 

1  509  791 

2  339  063 

1870  . . 

574  393 

33.7 

1  131  604 

1  705  997 

1871... 

488  705 

38.0 

798  869 

1  287  574 

1872... 

223  457 

16.4 

1  137  871 

1  361  328 

1873... 

428  321 

18.6 

1  875  169 

2  303  490 

1874... 

555  152 

24.0 

1  751  424 

2  306  576 

1875... 

328  283 

14.4 

1  956  830 

2  285  113 

1876... 

236  591 

9.0 

2  398  247 

2  634  838 

1877  . . 

148  779 

6.0 

2  333  526 

2  482  305 

1878... 

321  648 

11.2 

2  457  992 

2  779  640 

1879... 

330  257 

10.6 

2  760  283 

3  090  540 

1880. . . 

527  873 

18.5 

2  334  864 

2  862  737 

1881  .. 

159  415 

3.6 

4  340  328 

4  499  743 

1882. . . 

792  764 

20.6 

3  050  303 

3  843  067 

1883... 

801  099 

20.0 

3  198  332 

3  999  431 

1884... 

753  357 

15. 3 

4  185  645 

4  939  002 

GRAIN- BUSHELS. 


By  Lake. 


17  758  220  99.4 
12  214  300  93.1 
25  670  314  96.2 


40  849  900 
47  451  000 
42  279  000 
34  167  000 
40  537  800 

44  335  000 
40  429  047 
44  357  586 

34  256  152 

35  461  981 

57  563  698 
59  354  223 
57  460  921 
52  361  335 
42  691  835 

40  078  335 
57  054  936 
67  887  719 
62  140  003 
91  777  647 

56  662  224 
50  782  325 
65  599  876 
73  376  303 


97.0 
98.2 
94.2 
89.5 
91.9 

85.2 
89.6 
81.8 
76.0 
76.7 

87.2 
76.8 
70.7 
71.1 
69.0 

53.2 
71.7 
64.0 
55.7 
64.8 

47.2 
52.1 
44.9 
61.0 


Total. 


98  466 

905  092 

1  018  200 

1  281  200 
875  000 

2  585  500 

3  987  600 

3  568  300 

7  694  700 

4  697  514 
9  836  089 

10  808  048 
10  754  037 

8  443  008 
17  884  025 
23  770  406 

21  279  764 
19  394  330 

35  306  200 

22  480  768 
38  279  370 
49  480  946 
49  717  152 

63  396  529 
46  789  807 
68  122  942 
46  893  111 


17  856  692 
13  119  392 
26  688  514 

42  131  100 
48  326  000 
44  864  500 
38  154  600 

44  106  100 

52  029  700 

45  126  561 
54  193  675 

45  064  200 

46  216  018 

66  006  706 
77  238  248 
81  231  387 
73  641  099 
62  086  165 

75  384  635 
79  535  704 
106  167  089 
111  620  949 
141  484  799 

120  058  753 
97  571  132 
123  722  820 
120  269  414 


Under  these  circumstances  they  claim  that  no  further  reduction  in  the 
cost  of  handling  freight  is  possible. 

It  -will  not  be  possible  till  the  canal  is  again  made  a  serious  com- 
petitor. 

Few  can  doubt  that,  in  their  struggle  with  these  new  conditions, 
the  railroad  managers  of  this  country  will  be  fully  as  successful  as  in 
times  past. 

It  will  be  noticed  that  for  the  years  1883  and  1881,  during  which 
there  were  no  tolls  on  the  canal,  the  freight  on  wheat  was  93 J  cents  per 
ton  on  the  lakes  and  $1  51 5  cents  on  the  canal ;  if  the  difference,  58 J  or 
even  50  cents  per  ton,  could  be  applied  to  the  50  000  000  tons  shown  in 
Table  No.  1,  it  would  amount  to  §25  000  000,  and  by  the  time  the  en- 
largement of  the  canal  could  be  completed,  the  freight  affected  by  it 
would  doubtless  amount  to  over  100  000  000  tons  ;  in  fact,  Mr.  E.  H. 
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Walker,  the  statistician  of  the  New  York  Produce  Exchange,  returns  a 
tonnage,  including  the  Baltimore  and  Ohio  and  Grand  Trunk  railroads, 
of  over  90  000  000  tons  for  1883. 

In  addition  to  the  direct  benefit  to  the  producers  and  consumers  of 
our  country  accruing  from  a  reduction  in  freight  charges,  such  reduc- 
tion, since  freight  tends  to  follow  the  cheapest,  quickest  and  surest 
route,  will  give  us  a  large  share  of  the  traffic  of  the  Saskatchewan 
country,  the  freights,  commissions  and  exchanges  on  which,  as  set  forth 
by  Goschen,  will  act  with  the  same  force  as  a  commodity  actually  pro- 
duced and  exported,  and  will  form  a  noticeable  element  in  the  revenue 
by  which  we  will  be  enabled  to  discharge  our  foreign  liabilities. 

This  traffic,  while  in  no  sense  a  charge  on  our  production,  distribu- 
tion or  consumption,  presents  us  with  collateral  advantages  of  no  small 
value  in  the  way  of  cheaper  freights  on  other  exported  commodities,  a 
larger  volume  of  return  freights,  and  an  increased  number  of  immigrants, 
the  distribution  of  which  should  as  far  as  possible  contribute  to  the 
advantage  of  our  own  transportation  lines,  rather  than  those  of  Canada. 

The  normal  immigrant  fare  to  St.  Louis  is  $17  75  ;  to  St.  Paul, 
$22  00;  to  which  may  be  added  extra  baggage,  $3  50;  meals  and  small 
stores,  $1  50 — amounting  to  $20  75  and  $27  00  respectively.  If  we  assume 
$20,  and  apply  this  sum  to  the  80  692  immigrants  that  passed  through 
Canada,  in  1882,  to  our  northwestern  States,  we  have  $1  613  810.  If  we 
apply  this  sum  to  the  788  992  immigrants  that  landed  on  our  shores  in 
this  same  year,  we  will  have  $15  779  840. 

I  am  told  by  Mr.  E.  R.  Livermore,  of  the  New  York  Produce  Ex- 
change, that  the  terminal  charges  in  this  port  on  grain  arriving  by  rail 
are  as  follows  : 

Lighterage,  from  railroad  elevator  to  ship,  l£c.  per  bushel  ;  weigh- 
ing, £c.  per  bushel  (seller  and  buyer  each  paying  half)  ;  dumping  into 
steamer  and  trimming  or  stowing  in  ship's  hold,  7-10c.  per  bushel- 

On  grain  arriving  by  canal  : 

The  elevator  charges  the  canal  boat  £c.  per  bushel  for  unloading  ; 
this  includes  elevation  and  trimming  canal  boat  cargo  ;  weighing,  £c. 
per  bushel  (seller  and  buyer  each  paying  half)  ;  elevator  charges  for 
dumping  into  ship  and  stowing  or  trimming  the  same,  7-10c.  per  bushel. 
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BY   KATL.  BY     CANAL. 

Cents.  Cents. 

Lighterage 1 .25     Unloading 50 

Weighing 50    Weighing 50 

Dumping  and  trimming 70    Dumping  and  trimming 70 

By  rail 2.45  By  canal 1 .70 

To  the  charges  by  canal  must  be  added  $12  per  cargo  for  towing. 

About  half  the  grain  that  comes  to  this  port  is  stored,  which  involves  : 

Unloading,  $c. ;  weighing,  in  and  out,  $c. ;  storage,  Jc.  for  each  ten 
days,  for,  say  thirty  days,  §c,  1|  cents. 

In  addition  to  which  are  commissions,  varying  from  1  cent  on  wheat 
to  i  cent  on  oats.  Insurance,  0.4  percent,  by  steam  and  1.4  per  cent,  by 
sail,  with  exchange,  &c.  So  that  the  expenditures  at  this  port  may  be 
safely  estimated  at  4  cents  per  bushel  on  wheat. 

The  most  remunerative  part  of  a  ship's  cargo  is  boxed  or  barreled 
goods,  and  in  general  steamers  carry  from  2  to  3  tons  of  other  mer- 
chandise for  one  ton  of  grain ;  but  while  grain  is  to  some  extent  a  by- 
product in  transatlantic  traffic,  paying  the  smallest  rate  per  ton,  the  cer- 
tainty of  a  grain  freight  or  of  a  sufficient  amount  to  complete  a  cargo 
seems  necessary  to  the  commerce  of  our  ports,  particularly  as  many  pas- 
senger steamers  are  so  built  that  grain  or  other  freight  of  equal  specific 
gravity  is  indispensable  as  ballast  to  prevent  overturning. 

The  return  freight  rates  average  about  £  the  rates  to  Europe ; 
steamers  loading  in  this  port  spend  from  $1  000  to  $10  000,  averaging 
$4  000  each,  33  steamers  in  general  being  employed  to  export  1  000  000 
bushels. 

If  we  assume  the  freight  rate  from  either  Chicago,  Duluth,  or  Fort 
William  at  7  cents,  and  add  4  cents  for  terminal  charges,  the  G  000  000 
bushels  of  Manitoba  wheat,  which  it  is  said  will  this  year  be  exported 
by  a  syndicate  of  Canadian  and  other  bankers,  through  Montreal,  would 
have  left  in  this  country  $660  000,  besides  which  198  steamers  would 
have  been  loaded  here,  expending  $737  000. 

The  grain  grown  in  the  Northwest  has  at  present  two  routes  to  an 
European  market,  viz.,  by  our  own  seaboard  and  by  Montreal ;  much 
of  it  will  probably  soon  have  a  third,  viz. ,  by  Hudson  Bay.  Montreal 
has  deepened  the  St.  Lawrence  from  13  to  25  feet,  and  Mr.  Kennedy  is 
now  dredging  for  27$  feet,  with  30  feet  on  short  bars.  This  chain  of 
canals  between  Lakes  Erie  and  Ontario,  and  down  the  St.   Lawrence  to 
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Montreal,  will  soon  have  14  feet  on  their  miter  sills,  giving  her  a  decided 
advantage  over  New  York  in  the  cheapness  with  winch  grain  can  be 
handled,  New  York  having  only  the  advantage  of  a  larger  market  with 
certainty  of  freights  to  offset  the  cheapness  offered  by  Montreal. 

Of  the  necessity  to  England  of  the  Hudson  Bay  route,  J.  Beaufort 
Hurlbert,  LL.D.,  in  "Food  Zones  of  Canada,"  printed  in  the  "Cana- 
dian Gazette  "  and  reprinted  in  England,  apparently  for  distribution  in 
that  country,  says  :  "  If  England  should  be  engaged  in  a  war  with  the 
United  States,  or  with  one  of  the  great  powers  of  Europe,  privateers 
would  swarm  over  the  seas,  intercepting  her  merchantmen. 

"  The  contingency  of  war  must  never  be  forgotten  in  the  forecast  of  a 
nation's  future,  and  England  makes  all  her  calculations  upon  the  assump- 
tion that  she  will  be  mistress  of  the  seas.  In  a  few  years  Canada  could 
supply  the  food  deficiency  of  the  British  Islands.  If  only  a  tithe  of  the 
fertile  lands  in  Manitoba  and  the  Territories  to  her  west  and  northwest 
were  under  cultivation,  they  could  furnish  food  for  the  30  000  000  odd 
of  her  population.  Port  Nelson,  on  Hudson  Bay,  is  nearer  Liverpool 
than  New  York,  and  Port  Nelson  is  within  300  miles  of  Lake  Winni- 
peg, the  centre  of  the  fertile  plains  of  the  Northwest.  Two  railways 
have  been  chartered  from  Lake  Winnipeg  to  the  Bay,  one  to  Port  Nelson 
and  the  other  to  Port   Churchill.  ******* 

Both  coasts  would  be  in  British  territory.  No  shelter  for  privateers 
could  be  found  north  of  the  route  from  Hudson  Bay  to  Liverpool ;  from 
the  south  alone  would  her  corn-laden  ships  be  exposed  to  danger. 
It  would  be  the  shortest  and  easiest  line  to  defend.  That  route  has 
been  used  for  200  years  by  sailing  vessels  in  the  service  of  the  Hudson's 
Bay  Company .  Agricultural  products  are  heavy  and  costly  of  transit, 
and  shipments  through  Hudson  Bay  would  save  2  000  miles  inland  navi- 
gation." 

It  is  submitted  that  an  examinaiion  of  the  accompanying  tables  will 
show  that  while  freights  on  bulky  and  low-priced  products  will  be 
materially  reduced,  the  reduction  will  increase  rather  than  diminish  the 
revenues  of  the  railroad,  in  conformity  with  the  opinion  of  Dean  Rich- 
mond. Also,  that  the  increased  volume  of  transportation  has  very  closely 
followed  the  deepening  of  the  harbors  and  channels  of  the  lakes  and 
the  building  of  land  grant  railroads,  as  given  below  by  decades: 
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Decade  Ending- 


1849.       1859. 

No.  of  roads  commenced.        2  11 

"      miles  built 88       2  776.72 


1SG9. 


20 
5  244.26 


1879. 

20 
9  434.38 


Total. 

53 
17  543.36 


Attention  has  been  mainly  directed  in  the  foregoing  to  the  effect  of 
the  proposed  improvement  on  the  price  and  transportation  of  wheat 
and  its  resulting  commerce,  neglecting  consideration  of  the  influence  of 
cheaper  freights  on  the  production  of  our  own  manufactures,  which, 
according  to  Mr.  Nimmo's  report  quoted  above,  were,  in  18S0,  "five 
times  the  value  of  the  exports  of  the  products  of  manufacture  from 
Great  Britain  and  Ireland  during  the  year  1883."  Ignoring  also  the 
cheapened  distribution  on  those  items  that  do  not  enter  into  computa- 
tion in  the  summary  of  the  world's  commerce,  the  weight  of  all  bread, 
breadstuff's,  flour  and  grain  exported  during  1880  was  about  4  550  000 
tons.  The  weight  of  the  iron  ore  shipped  from  Michigan  in  1882  was 
3  302  000  tons,  while  the  5  178  000  tons  of  pig  iron  made  in  that  year 
necessitated  a  total  shipment  of  29  272  000  tons  ;  97  553  000  tons  of  coal 
were  mined,  and  our  lumber  crop  of  last  year  weighed  12  500  000  tons. 
None  of  these  commodities  are  transhipped  as  cheaply  as  grain. 
Nor  has  reference  been  made  to  the  probability  of  the  construction, 
hand  in  hand  with  this  work,  or  immediately  succeeding  it,  of  a  steam- 
boat canal  from  the  Red  River  of  the  North  to  Duluth,  and  a  land-locked 
navigation  from  Boston  to  the  mouth  of  the  Rio  Grande,  with  at  least 
one  channel  of  depth  equal  to  that  adopted  for  the  Erie  Canal,  con- 
necting the  lakes  with  the  mouth  of  the  Mississippi. 

Adam  Smith  says,  in  his  ""Wealth  of  Nations:"  "The  great  object  of 
the  political  economy  of  every  country  is  to  increase  the  riches  and  power 
of  that  country."  And  by  increasing  the  riches  and  power  of  our  own 
country  we  are  doing  the  greatest  good  to  the  greatest  number,  not  only 
of  our  own  inhabitants,  but  to  those  of  the  world,  for  here  labor  gives 
the  largest  product  per  unit  of  time,  and  receives  the  largest  reward  both 
in  money  and  in  nearly  all  the  necessaries  of  life  that  money  goes  to 
buy. 
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He  also  says:  "The  manufactures  of  a  rich  nation  may,  no  doubt,  be 
very  dangerous  rivals  to  those  of  their  neighbors."  And  experience 
seems  to  prove  the  same  true  in  all  commercial  relations. 

The  weighty  objections  that  may  be  urged  against  the  centralization  of 
power  and  influence  in  a  great  city  are  not  ignored.  But  a  city  hand- 
ling the  exchanges  of  the  world  is  certain  to  grow  up  on  this  continent 
where  natural  and  artificial  conveniences  enables  it  to  most  cheaply, 
surely  and  quickly  mediate  the  transactions  between  the  old  and  new 
worlds.  Doubtless,  it  would  be  better  for  the  whole  country  if  it  occu- 
pied a  more  central  position,  but  the  Alleghanies  prevent  that,  and  the 
necessities  of  commerce  seem  to  decide  that  it  shall  be  on  either  the 
Hudson  or  St.  Lawrence  rivers.  It  will  the  most  increase  the  riches  and 
power  of  our  country  if  it  is  on  the  Hudson. 

Tables  Nos.  14  to  18,  with  a  diagram  on  plate  No.  I  prepared  from  the 
report  of  the  Auditor  of  the  Canals  of  New  York,  for  1881,  are  appended 
as  of  interest  and  containing  information  not  generally  accessible. 

TABLE  No.  14. 
Showing  the  cost  of  transportation  per  ton  on  the  canals  on  up  and 
down  freight,  the  tolls  paid  to  the  State,  and  the  carriers'  charge: 


Up  Freight  per  Ton  from 
Albany  to  Buffalo. 

Down  Freight  per  Ton 
from  Buffalo  to  Albany. 

Average 
per  Year. 

Tolls  De- 
ducted. 

Leaving 
Freight. 

Average 
per  Year. 

Tolls  De- 
ducted. 

Leaving 
Freight. 

Average  from  1830  to  1833,  4 

years 

$18  65 

$9  85 

$8  80 

$8  84 

$4  74 

$4  10 

Average  from  1834  to  1837,  4 

years. 

18  00 

6  57 

11  43 

7  15 

3  28 

3  87 

Average  from  1838  to  1841,  4 

years. 

16  10 

0  57 

9  53 

6  94 

3  28 

3  66 

Average  from  1842  to  1845,  4 

years. 

11  75 

6  57 

5  18 

5  93 

3  28 

2  65 

Average  from  1846  to  1849,  4 

years. 

7  85 

4  80 

3  05 

5  90 

2  92 

2  98 

Average  from  1850  to  1853,  4 

years. 

6  05 

3  76 

2  29 

5  07 

2  37 

2  70 
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1  53 

36 
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Animal  average  from  1830  to 
1881,  52  years 

$7  55 

$3  53 

$3  92 

$4  97 

$2  80 

$2  67 

1  fi 

i 

PLATE     I 

MORS 

VOL.  XIV.   N?  299. 

NORTH    ON 

ENLARGEMENT  OF   ERIE   CANA 

—  DIAGRAM  SHOWINC  THE  — 

— 1 — ^ 

"si 

Z         3 

I 

\ 

MOVEMENT  OF  FREICHT  IN  TON  MILES 

— 1- 

-4— 

J7         2800 

\ 

ON   THE  NEW  YORK  CENTRAL  RAILROAD, 
THE  ERIE  RAILWAY, 

I 

-j— 

/ 

AND  THE  STATE  CANALS 

* 

/ 

WITH  THE  FREICHT  AND  TOLLS  RECEIVED  THEREFOR 
AND  THE  RATE  PER  TON  MILE. 

/ 

I 

\ 

/ 
/ 

\ 

FROM  REPORT  OF  AUDITOR  OF  CANALS  FOR  1881. 

/ 

\ 

^-- 

--' 

/ 

.1!  i  ""* 

\ 

/' 

1_ 

\ 

/ 

/ 

i 

i 

f\ 

, 

'  / 

i 

/ 

?r7/TOff.             EXPLANATIONS. 

!/ 

/ 

,5W(W,NEW  YORK  CENTRAL  R 

7 

/'- 

/ 

B  W(W  ERIE  RAILWAY-RED. 

,       NEW  YORK  CANALS-BLUE. 

TON  MILEACE. 

/ 

/ 

i 
i  / 

r^ 

/ 

/ 

.     1 

y'~ 

/ 

„  —  o .  —  .  TOTAL  FREICHT 

AND  TOLLS  RECEIVED. 

/'X 

''J-—/ 

/ 

-  1200 

■111   C 

-~" 

— 



^ 

>■> 

/ 
/ 

, 

[J                  j 

//» 

> 

s 

*„ 

r' 

K._ 

-.. 

•-"'"' 

f    *J       I 

-V 

s 

-.- 

^•:-- 

"X. 

_„- 

-- 

1/ 

-'      , 

^J 

'■ 

\ 

\ 

_  / 

4 

/ 

\ 
\ 

6   «0B  — ^k  —  ' 

t 

/ 

/ 

"\ 

1    / 

,.<■■ 

— 

^ 



/ 

Y 

i^vJ 

l  --&E 

X 

^J. 

_^ 

^ 

--"" 

--- 

"l" 

I;- 

^ 

-"" 

«*' 

...... 

_.:: 

"~: 

~v.i 

*+'■ 

— 

^ 

i 

1 

IS70  187! 


W7+  1875  1876  1877  187f  »» 


DISCUSSION    ON    ENLARGEMENT   OF   THE    ERIE   CANAL. 


77 


TABLE   No.  15. 

Prices,  in  gold,  in  the  New  York  market  of  20  barrels  of  flour,  Extra 
State;  100  bushels  of  wheat,  Milwaukee  Club;  100  bushels  of  corn, 
Western  Mixed;  100  bushels  of  oats;  10  barrels  mess  pork;  10  barrels 
mess  beef;  100  pounds  lard;  100  pounds  State  Dairy  Butter;  100  pounds 
medium  washed  clothing  wool,  compared  with  the  charge  reduced  to 
gold  of  moving  the  above  quantity,  13  tons,  1  000  miles,  at  the  average 
rates  charged  by  New  York  Central  &  Hudson  Biver  Railroad,  18G9  to 
1883. 

From  Atkinson's  "Railway,  Farmer  and  Public." 


Cost  in  Gold. 

Freight  Charges  on  N. 

Y.  0.,  13  Tons,  1000 

Miles,  Gold. 

Charges  per  Ton- 
mile  N.  i.e., 

Rate. 

Per  Cent,   of 
Freight    Charge    to 
Value  in  New  York . 

Cents. 

1869 

$622  68 

$231  40 

1.78 

36  61 

1870 

775  02 

213  20 

1.64 

27  47 

1871 

735  33 

182  00 

140 

24  76 

1872 

675  92 

183  30 

1.41 

27  16 

1873 

662  50 

179  40 

1.38 

27  05 

1874 

748  54 

170  30 

1.31 

22  73 

1875 

696  40 

144  30 

1.11 

20  73 

1876 

651  74 

122  20 

.94 

18  74 

1877 

751  95 

126  10 

.97 

16  76 

1878 

569  81 

119  60 

.92 

20  98 

1879 

568  34 

102  70 

.79 

18  08 

1880 

"631  32 

114  40 

.88 

18  12 

1881 

703  10 

107  40 

.78 

15  27 

1882 

776  13 

94  90 

.73 

12  22 

1883 

662  11 

118  30 

.91 

17  87 

1884 

621  75 
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TABLE  No.  18. 

Shewing  the  average  tonnage  of  the  boats,  the  time  necessary  to  make 
a  passage,  and  the  cost  to  bring  a  barrel  of  flour  from  Buffalo  to 
Albany,  and  the  total  tons  delivered  at  tide  -water  from  the  Erie 
Canal,  with  the  mileage  of  freight  boats  and  total  mileage,  1841- 
1881. 


Tons  de- 

Average 

Days'  time  | 

Toll  and  1 

livered  at 

Mileage  of 

Mileage  of 

Yeab. 

Cargo  of 

between 

Freight  on 

Tide  Water 

Freight  Boats 

Freight  and 

Boat. 

Buffalo  and 

a  Barrel  of 

from  Erie 

only. 

Packet  Boats. 

Albany . 

Flour. 

Canal. 

Cents. 

1841 

41 

9 

71 

532  520 

7  103  580 

7  426  410 

1842 

6  173  200 

6  527  500 

1843 

6  586  700 

6  968  520 

1844 

"49 

"ii 

60 

799  816 

7  841  750 

8  268  490 

1845 

7  924  250 

8  344  790 

1846 

9  065  450 

9  479  790 

1847 

"67 

'  lo.i 

'77' 

1  431  252 

11  733  250 

12  176  330 

1848 

71 

9" 

58 

1  184  337 

9  633  850 

10  176  150 

1849 

68 

8f 

56 

1  266  724 

10  153  350 

10  459  110 

1850 

76 

9 

58 

1  554  675 

10  718  100 

11  061  575 

1851 

78 

8£ 

49 

1  508  677 

11  926  950 

12  133  100 

1852 

80 

9" 

53 

1  644  699 

12  306  950 

12  378  675 

1853 

84 

9 

56 

1  851  438 

12  327  050 

12  373  700 

1854 

94 

H 

52 

1  702  693 

11  244  200 

11  268  875 

1855 

92 

8£ 

52 

1  420  715 

9  671  450 

10  700  325 

1856 

100 

H 

60 

1  587  130 

9  656  700 

9  677  875 

1857 

100 

8* 

46 

1  117  199 

7  347  850 

7  391  800 

1858 

126 

8* 

34 

1  496  687 

7  886  100 

7  904  825 

1859 

143 

8* 

31 

1  451  333 

7  010  750 

7  033  375 

1860 

140 

8h 

42 

2  276  061 

9  930  300 

9  951  450 

1861 

157 

8£ 

46 

2  449  609 

10  351  350 

10  373  650 

1862 

167 

8£ 

48 

2  917  094 

13  021  950 

13  042  400 

1863 

177 

9" 

45 

2  647  689 

11  974  550 

12  045  600 

1864 

150 

10 

57£ 

2  146  634 

10  748  650 

10  762  600 

1865 

160 

10 

51 

2  078  361 

9  576  750 

9  627  950 

1866 

170 

10 

52 

2  523  664 

11  376  400 

11  399  425 

1867 

156 

10 

48 

2  226  112 

10  101  400 

10  122  400 

1868 

148 

10 

48 

2  378  572 

9  403  400 

9  433  450 

1869 

183 

10 

51 

2  257  689 

8  263  650 

8  397  075 

1870 

181 

10 

33 

2  290  698 

8  674  550 

8  68'.'  175 

1871 

178 

11 

40 

2  648  877 

9  345  150 

9  358  100 

1872 

190 

11 

42 

2  670  405 

9  780  300 

9  792  500 

1873 

213 

11 

46J 

2  585  355 

9  480  900 

9  485  450 

1874 

197 

11 

31 

2  370  297 

8  004  850 

8  010  625 

1875 

204 

11 

23 

1  914  942 

6  618  450 

6  621  175 

1876 

209 

11 

19 

1  745  320 

5  823  200 

5  830  775 

1877 

214 

11 

21 

2  298  008 

7  019  615 

7  019  615 

1878 

215 

10 

16 

2  831  790 

8  459  551 

8  459  551 

1879 

197 

20 

2  546  002 

8  226  947 

8  22C  947 

1880 

215 

*i6| 

18 

3  226  358 

10  400  931 

10  400  931 

1881 

216 

10" 

12 

2  193  302 

6  666  980 

6  666  980 

*  The  boats  timed  during  month  of  August  average  9  days,  9  hours  and  12  minutes. 
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Willakd  S.  Pope,  M.  Am.  Soc.  C.  E. — I  suppose  no  one  questions 
the  desirability  of  a  route  by  which  the  vessels  that  navigate  the  great 
lakes  can  reach  the  ocean.  The  northwestern  States  are,  and  must  con- 
tinue to  be,  the  food-producing  regions  for  the  manufacturing  States 
along  the  seaboard,  and  for  a  part  at  least  of  Europe.  The  distances  are 
great,  and  the  products  are  bulky  and  low  priced,  and,  of  course,  cheap 
transportation  is  absolutely  essential.  The  costs  and  delays  of  transfer 
from  lake  craft  to  canal  boats,  and  again  from  canal  boats  to  ocean 
vessels,  are  considerable ;  and  if  it  is  possible  to  do  so  at  any  reasonable 
expense,  they  must  be  avoided.  There  are  now  on  the  lakes  many 
steam  propellers  drawing  15  £  feet  of  water,  and  carrying  from  75  000  to 
100  000  bushels  of  grain.  Here  are  the  names  and  dimensions  of  a  few 
of  them  : 


Name. 

5 

a 
s> 

.a 

1875. 
1884. 
1884. 
1882. 

| 
3 
is 

OS 
Ti'a 

OS 

Wood. 
Steel. 
Steel. 
Iron. 

a 
o 

r3  ai 
u  ci 

£  a 

M 

OJ 

a 

*2  082 
1  678 

1  678 

2  164 

£o 

'3 
§,.£ 

3   4) 

.affls 

83  000 

85  000 

85  000 

100  800 

.2 

.a 

OD 

a  ^ 

»  q> 

l-J.CB 

"o8 

O 

H 

282 
282 
282 
302| 

Total    Width    in 
feet. 

Draft  of  Water   in 
feet  when   fully 
loaded. 

Commodore. 
Albany. . . 
Syracuse . . . 

43 
39i 

40| 

15A 
15* 
15* 
15* 

The  accompanying  letter  of  Gen.  Poe,  the  engineer  in  charge  of  the 
public  works  on  the  lakes,  indicates  the  intention  on  the  part  of  the 
Government  to  obtain  ultimately  a  minimum  depth  of  20  feet  of  water. 
In  the  future,  as  in  the  past,  ship-builders  will  follow  up  closely  the 
deepening  of  the  channels,  and  as  soon  as  20  feet  is  secured  the  lake  craft 
will  certainly  utilize  the  whole  of  it. 

It  is  clearly  impossible  that  the  present  Erie  Canal  can  meet  the 
requirements  of  the  speedy  future.  Something  must  be  done,  and  Mr. 
Sweet  is  ready  with  the  suggestion  of  enlarging  the  canal.  He  suggests 
a  width  of  100  feet  on  the  bottom  and  a  depth  of  18  feet.     The  canal  is 

*The  apparent  discrepancy  in  registered  tonnage  between  that  of  the  Commodore  and 
that  of  the  other  vessels  is  probably  explained  by  the  fact  that  the  Government  system  of 
measurement  has  been  recently  changed,  and  the  results  in  official  tonnage  are  smaller  than 
before. 
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intended  to  be  a  practical  continuation  of  the  lakes,  and  it  follows,  of 
course,  that  if  the  lakes  and  their  harbors  will  take  20  feet  the  canal 
must  be  of  a  like  depth.  And  the  locks  must  correspond.  And  the 
canal  must  be  so  wide  and  the  banks  must  be  so  protected  with  masonry, 
that  steamers  can  maintain  their  full  speed  without  risk  of  injury  to 
themselves  or  to  the  works. 

The  plan  is  a  magnificent  one,  and  the  imagination  is  dazzled  at  the 
thought  of  the  great  lake  propellers,  carrying  100  000  to  150  000  bushels 
of  grain,  steaming  at  from  15  to  20  miles  per  hour  through  the  heart  of  the 
State  of  New  York  to  their  destination  in  the  metropolis  at  the  mouth  of 
the  Hudson. 

Mr.  Sweet  thinks  the  scheme  is  a  practicable  one,  and  mentions  125 
to  150  millions  of  dollars  as  an  approximation  to  its  probable  cost.  This 
is  for  a  canal  100  feet  wide  and  18  feet  deep.  For  the  reasons  mentioned 
above  it  would  seem  that  it  should  not  be  less  than  150  feet,  or  better 
still,  200  feet  wide  and  20  feet  deep.  This  would,  of  course,  consider- 
ably increase  the  cost,  which  might  then  perhaps  be  taken  at  200 
millions. 

This  done,  the  grain  producers  would  have  cheap  transjDOrtation, 
and  the  City  of  New  York  would  be  assured  for  all  the  future  as  the 
metropolis  of  the  continent,  and  as  doubtless  the  greatest  city  in  the 
world. 

But  before  we  become  blinded  by  the  magnificence  of  this  imperial 
design  let  us  examine  the  real  situation.  This  is  an  engineering  ques- 
tion in  its  broadest  sense,  and  we  should  approach  it  not  as  New  Yorkers 
or  even  as  Americans,  but  as  cosmopolites.  A  narrow  patriotism  may 
stop  at  the  border  of  our  own  country,  but,  professionally,  we  can  cross 
the  frontier  regardless  of  the  tyranny  of  custom  houses  or  of  the  limita- 
tions of  State  pride. 

The  purpose  is  to  get  efficient  water  communication  between  the 
Atlantic  Ocean  and  the  lakes — or,  to  localize  it  more  definitely,  say 
between  Buffalo  and  Liverpool. 

Let  us  look  at  the  map. 

The  waters  of  the  lakes  have  already  an  outlet  to  the  ocean  quite 
independent  of  the  Erie  Canal  or  of  any  of  the  works  of  man.  The 
St.  Lawrence  river  is  one  of  the  noblest  streams  on  earth.  Broad, 
deep  and  full,  it  can  float  on  its  waters  the  navies  of  the  world.  It  is 
freely  navigable  for  large  ocean  steamers  up  to  Montreal. 
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Let  us  compare  this  route  with  that  by  way  of  Albany  and  New  York 
in  some  of  their  respective  prominent  characteristics. 

I.  From  Buffalo  to  Liverpool  by  way  of  the  Erie  Canal  and  New 
York  is  3  450  miles  ;  and  between  the  same  points  by  way  of  Montreal 
and  the  Gulf  of  St.  Lawrence  is  3  180  miles ;  a  difference  of  270  miles 
in  favor  of  Montreal,  which  represents  a  saving  of  nearly  a  day  in  time. 

II. — As  far  as  winter  transportation  is  concerned  the  two  routes  are  on 
a  par.    Both  would  be  closed  by  ice  for  about  the  same  length  of  time. 

III. — The  amount  of  lockage  is,  of  course,  the  same  in  either  case,  so 
that  delays  from  this  source  would  be  alike. 

IV. — The  Welland  Canal  around  the  falls  of  Niagara  is  28  miles  long, 
and  the  lateral  canals  around  the  rapids  of  the  St.  Lawrence  river,  be- 
tween Kingston  and  Montreal,  aggregate  41  miles;  making  in  all  69  miles 
of  artificial  water  course.  From  Buffalo  to  deep  water  in  the  Hudson 
river  below  Albany  is,  say  315  miles — a  saving  in  favor  of  the  Montreal 
route  of  246  miles  of  costly  canal  digging. 

V. — The  St.  Lawrence  route  would  utilize  and  secure  the  trade  of  the 
whole  of  Lake  Ontario,  and  the  flourishing  cities  on  its  borders,  none 
of  which  could  be  reached  by  the  Albany  route,  except  at  great  addi- 
tional expense  through  branch  canals. 

VI. — Over  the  Erie  Canal  a  great  number  of  heavy  and  costly  draw- 
bridges must  be  built  and  maintained.  The  Canadian  canals,  being  for 
the  most  part  along  the  immediate  bank  of  the  river,  would  need  very 
few  such  structures. 

VII. — In  the  long  levels  between  the  locks  of  the  Erie  Canal,  where 
vessels  would  naturally  be  run  at  their  highest  speed,  the  banks  must 
be  protected  from  the  wash  of  the  swells  by  heavy  walls  of  masonry. 
On  the  other  route  the  long  reaches  between  the  locks  are  in  the  main 
river,  where  no  bank  protection  is  needed. 

VIII. — The  Erie  Canal  in  places  will  be  above  the  general  level  of  the 
land,  notably  so  at  the  crossing  of  the  Seneca  Kiver,  where  Mr.  Sweet 
says  the  water  surface  of  the  canal  must  be  about  50  feet  above  that  of 
the  river.  A  break  in  the  embankment  at  such  a  place  would  be  a  very 
serious  disaster,  not  only  stopping  navigation,  but  doing  great  damage 
to  the  surrounding  country.  In  the  St.  Lawrence  canals  the  circiim- 
stances  are  very  different,  and  no  such  danger  is  to  be  feared. 

IX. — All  these  things  go  to  modify  cost  of  construction  and  mainte- 
nance, and  whatever  sum  may  be  assumed  for  the  Erie  Canal,  it  would 
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seem  apparent  to  any  fair  judgment  that  it  must  be  at  least  six  times  the 
amount  that  would  be  needed  for  the  St.  Lawrence  route.  And,  after 
all,  this  is  the  crucial  test.  For  public  works,  like  private  enterprises, 
must  in  some  way  be  made  to  pay  their  maintenance  and  a  fair  interest 
on  their  original  cost,  or  they  are  failures.  [I  speak  now,  of  course, 
of  commercial,  not  of  political  or  military  schemes.]  It  matters  not 
whether  this  is  paid  by  tolls  charged  on  the  traffic,  or  directly  out 
of  the  national  treasury.  In  either  case  the  public  pay  it;  the  Govern- 
ment never  had  a  penny  that  was  not  taken  in  some  way  from  the 
pockets  of  private  individuals. 

And  now  what  remains?  If  the  same  facilities,  and  even  better,  can 
be  got  by  the  expenditure  of  thirty-three  millions  than  by  the  expendi- 
ture of  two  hundred  millions,  where  is  the  ground  for  hesitation  and  doubt 
as  to  the  course  for  prudent  sensible  men  to  adopt  ?  Simply  this — 
reluctance  to  depend  in  any  way  upon  a  foreign  nation— pride  in  our 
own  country — the  sentiment  which  we  call  patriotism.  If  the  object  is 
to  gratify  this  sentiment— to  enforce  a  Chinese-like  national  exclusion — 
to  build  up  New  York  City — then  by  all  means  let  us  enlarge  the  Erie 
Canal.  But  if  the  object  is,  as  we  first  stated  it,  to  secure  cheap,  rapid 
and  reliable  transportation  from  the  lakes  to  the  seaboard,  then  let  us 
take  the  route  that  God,  the  great  Engineer,  has  laid  out  for  us.  What  if  it 
be  through  a  foreign  soil?  The  builders  of  the  Suez  Canal  went  through 
a  foreign  soil.  Frenchmen  are  building  the  Panama  Canal  through  a 
foreign  soil.  Our  own  Government  is  now  considering  a  treaty  whereby 
it  may  be  able  to  build  a  canal  through  the  foreign  soil  of  Nicaragua. 
Why  hesitate  here?  And  besides,  it  may  not  always  be  foreign  soil. 
Canada  gravitates  toward  the  United  States,  and  some  day  the  fruit  must 
surely  fall.  And  that  day  will  be  greatly  hastened  by  the  mutuality  of 
interest  which  a  joint  enterprise  like  this  will  bring  about.  And  even 
if  that  day  should  never  dawn,  it  is  reasonable  to  believe  that  treaty  stip- 
ulations can  be  made  such  as  will  surely  protect  our  interests.  And  in 
the  dire  event  of  war,  we  can  turn  to  England  and  her  present  opera- 
tions in  Egypt  for  a  precedent.  She  protects  her  interests  in  the  Suez 
Canal,  and  we  can  follow  her  example. 
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Letter  from  Gen.  O.  M.  Poe,  M.  Am.  Soc.  C.  E.,  to  Willard  S.  Pope, 
Esq. 

Dear  Sir, — In  accordance  with  your  request,  that  I  furnish  you  with 
any  information  in  my  possession,  bearing  upon  the  question  of  the 
enlargement  of  the  Erie  Canal,  to  enable  the  large  lake  vessels  to  carry 
their  cargoes  to  tide-water,  as  outlined  in  the  letter  of  John  Bogart,  Esq. , 
Secretary  Am.  Soc.  C.  E.,  dated  December  24th,  1884,  it  affords  me 
pleasure  to  comply  to  the  extent  of  my  power. 

It  is  well  known  that  the  size  and  draught  of  vessels  on  the  lakes 
depend  upon  the  available  depths  in  the  navigable  channels — that  as 
these  depths  are  increased  by  channel  improvements  the  vessels  keep 
pace.  The  draught  of  the  larger  vessels  has  always  been  controlled  in  a 
great  measure  by  the  depth  of  water  on  St.  Clair  Flats.  Previous  to 
1858  this  was  only  about  9 i  feet,  and  by  way  of  the  North  Pass.  Im- 
provements at  the  South  Pass  completed  about  that  time  afforded  a 
depth  of  about  12  feet,  and  shortened  the  distance.  In  1871  the  St. 
Clair  Flats  Canal,  with  a  depth  of  13  feet,  became  available.  This  was 
increased  in  1874  to  16  feet.  As  these  successive  improvements  were 
completed,  the  channel  entrances  to  the  important  lake  harbors  were 
correspondingly  deepened,  and  vessels  were  constructed  to  utilize  this 
increased  depth  of  the  channels. 

But  the  full  effect  was  not  felt  until  after  the  completion  of  the 
enlargement  of  St.  Mary's  Falls  Canal  in  1881.  Previous  to  that  time 
the  depth  of  water  in  the  canal  was  12  feet.     It  was  increased  to  16  feet. 

In  1864  the  average  registered  tonnage  of  vessels  passing  the  canal  was 
405  tons.     In  1882  this  had  increased  to  560  tons. 

Unfortunately  we  are  unable  to  carry  this  comparison  any  further, 
because  of  a  change  in  the  registry  laws  which  then  took  effect.  But 
the  average  freight  tonnage  during  the  next  two  years  rose  from  461 
tons  in  1882  to  540  tons  in  1884,  or  an  increase  of  more  than  17  per  cent. 

These  facts  are  mentioned  only  to  show  how  rapidly  shipping  in  this 
region  conforms  to  increased  facilities.  I  have  no  means  of  instituting 
a  similar  comparison  between  the  average  tonnage  at  other  points,  but 
there  can  be  no  doubt  but  it  has  increased  quite  as  rapidly. 

In  1857  a  vessel  capable  of  carrying  25  000  bushels  of  wheat  was  con- 
sidered as  large  proportionately  as  one  carrying  75  000  bushels  now  is. 
But  the  limit  of  possibility  has  not  yet  been  reached,  nor  will  it  have 
been  until  the  channels  have  a  navigable  depth  of  20  feet.     This  must 
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be  looked  for  in  the  near  future,  and  is  now  being  attained  in  the  im- 
provement in  progress  at  the  Lime  Kiln  Crossing,  Detroit  river, 
which,  if  nothing  unforeseen  occurs,  will  be  completed  in  less  than  two 
years  hence.  Then  the  deepening  of  the  Lake  St.  Clair  and  St.  Mary's 
River  Channels  must  follow,  and  with  them  the  entrances  to  the  princi- 
pal harbors,  and  we  will  have  vessels  loading  with  4  000  tons,  instead  of 
3  000,  which  some  of  them  now  carry.  And  it  would  be  done  at  little,  if 
any  greater  cost. 

The  construction  of  the  larger  vessels  now  employed,  and  the  more 
general  use  of  steam,  have  resulted  in  a  corresponding  reduction  of  lake 
freight  charges,  and  the  more  rapid  transportation  of  western  products 
to  the  eastern  markets.  These  results  have  been  further  affected  by  the 
system  of  towing  in  vogue.  I  am  not  prepared  to  give  statistics  to  show 
accurately  the  extent  to  which  these  have  gone.  But  it  is  safe  to  say 
that  the  freight  charges  do  not  average  more  than  one-third  those  of 
twenty -five  years  ago.  If  the  transhipment  at  Buffalo  could  have  been 
avoided,  and  vessels  could  have  delivered  their  cargoes  at  the  seaboard, 
it  is  manifest  that  the  same  rate  of  decrease  in  cost  would  have  been 
maintained  throughout  the  whole  route.  Neither  am  I  able  to  make  an 
accurate  comparison  between  the  aggregate  quantity  of  freight  at  that 
time  and  now,  but  the  tonnage  passing  Lime  Kiln  Crossing  by  vessels 
in  1883  was  about  18  000  000  tons,  or  six  times  as  much  as  that  which 
crossed  Detroit  river  by  rail,  a  fact  which  will  sufficiently  impress  one  as 
to  the  magnitude  of  the  commerce  now. 

It  is  such  a  commerce  that  must  be  taken  care  of,  and  which  must  be 
considered  in  any  project  for  an  enlargement  of  the  Erie  Canal.  And  to 
produce  the  best  results  the  canal  must  be  made  for  20  feet  of  water. 

That  depth  will  permit  the  passage  of  vessels  drawing  18  feet,  and  it 
is  not  too  visionary  to  suppose  that  such  vessels  might  load  at  Chicago 
and  deliver  their  freights  in  European  ports  without  breaking  bulk. 

Let  it  be  granted  that  it  would  cost  a  large  sum  of  money  to  suffi- 
ciently enlarge  the  canal  to  admit  of  this.  Is  not  the  object  great 
enough  to  justify  the  expenditure?  The  history  of  river  and  harbor 
improvements  on  the  lakes  amply  demonstrates  it, 

Yours  truly, 

O.  M.  POE, 

M.  Am.  Soc.  C.  E. 
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Mr.  M.  M.  Deake. — Mr.  President  and  gentlemen: — At  your 
request,  as  communicated  to  me  by  the  Secretary  of  your  Society,  I  have 
prepared  this  article,  and  although  the  subject  is  too  important  to  be 
treated  carelessly,  yet  I  fear  that,  owing  to  lack  of  time  and  ability  on 
my  part,  this  paper  may  prove  of  so  little  interest  that  the  subject  may 
be  lost  sight  of  entirely. 

It  is  now  some  thirty-three  years  since  I  became  engaged  in  the 
business  of  our  Lake  commerce,  and  during  those  years  I  have  carefully 
noted  the  growth  and  changes  incident  to  a  generally  prosperous  in- 
dustry. Thirty  years  ago  our  largest  crafts  for  transportation  of  freight 
did  not  exceed  20  000  bushels  of  wheat,  or  600  tons  weight.  If  my 
memory  serves  me  correctly,  any  craft  with  over  ten  feet  draft  had  diffi- 
culty in  getting  over  the  St.  Clair  Flats,  unless  they  lightered,  and,  in 
fact,  but  few  of  our  harbors  could  accommodate  them. 

Freights  fluctuated  then  as  now,  reaching  as  high  as  23  to  25  cents 
per  bushel,  but  the  average  rate  paid  then  was  at  least  four  times 
greater  than  the  average  rate  paid  in  the  season  of  1883.  I  do  not  use  this 
season  for  a  comparison,  as  I  consider  it  an  off  year.  During  the  years 
from  1860  to  1870  large  craft  were  built  and  put  into  commission,  har- 
bors were  gradually  deepened  to  accommodate  them,  and  the  Govern- 
ment, recognizing  the  importance  of  the  interests  involved,  made  and 
used  the  necessary  appropriations  for  deepening  the  St.  Clair  Flats,  and 
removing  other  obstructions,  until  vessels  are  now  enabled  to  load  to 
15  feet  of  water.  But  during  this  decade  but  very  little  attention  was 
paid  to  improvements  in  the  way  of  machinery  or  anything  to  reduce 
expenses.  Freights  were  generally  high,  vessels  in  ready  demand,  and 
they  were  built,  put  into  commission,  loaded  and  unloaded,  aud  were 
run  until  they  were  unfit  for  further  service  by  reason  of  decay,  which 
was  generally  the  case  at  five  or  ten  years  of  age.  But  after  the  infla- 
tion (effects  of  the  war  of  the  Rebellion)  had  subsided,  vessel  owners 
found  it  necessary  to  economize  if  they  received  any  returns  from  their 
property.  New  railroads  had  been  built  both  sides  of  the  Lakes,  ex- 
tending from  beyond  Chicago  to  the  Atlantic  coast,  and  they  too  began 
to  feel  the  effects  of  reaction  after  a  long  season  of  inflation,  and  a 
desperate  struggle  commenced  between  the  railroads,  on  one  side,  de- 
termined to  monopolize  the  whole  carrying  trade  and  wipe  out  the  Lake 
commerce  entirely,  and  on  the  other  side,  an  interest  that  had  quietly 
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and  steadily  developed  our  great  West,  •which  was  loth,  at  this  time,  to 
lay  down,  without  a  struggle  for  longer  existence. 

Among  the  devices  that  were  introduced  to  cheapen  the  cost  of 
moving  property  by  water,  was  that  of  towing,  one  steamer  utilizing 
her  power  to  the  extent  of  towing  five  or  six  other  craft.  This  method 
of  moving  property,  notably  lumber,  has  had  the  effect  of  reducing  rates 
of  freight  below  a  figure  that  would  pay  running  expenses  of  a  craft  if 
running  alone,  and  still  those  engaged  in  the  business,  I  believe,  are  re- 
ceiving fair  returns  from  their  investment.  Outside  of  the  business  of 
moving  lumber,  however,  I  look  for  its  entire  abolishment  at  an  early 
day. 

During  the  struggle  larger  crafts  were  built,  engines  to  propel  them 
were  designed,  reducing  the  average  cost  of  fuel  (one  of  the  largest 
items  in  the  expense  of  running  a  steamer)  fully  50  per  cent.  To 
illustrate,  I  will  cite  the  case  of  a  steamer  of  the  then  largest  class,  be- 
longing to  the  line  I  was  employed  by.  The  steamer  had  a  carrying 
capacity  of  1  300  tons,  and  required  fully  300  tons  of  coal  to  steam  the 
round  trip  to  Chicago.  On  one  of  her  trips  she  took  fire  and  burned 
to  the  water's  edge,  was  afterwards  raised,  brought  into  port,  rebuilt, 
engines  compounded,  boilers  shortened,  hull  deepened,  but  other  lines 
and  dimensions  of  the  original  boat  were  preserved,  and  to-day  the  craft 
is  doing  good  work,  her  average  load  being  1  600  tons,  and  requiring  but 
150  tons  of  fuel  to  steam  the  same  trip  that  formerly  required  the  300 
tons. 

Another  important  feature  was  adopted  during  those  years  of  low 
rates  in  the  way  of  caring  for  the  property.  This  has  been  carried  to 
such  an  extent  that  our  vessels  are  in  better  condition  at  15  years  of  age 
than  formerly  at  7.  This  has  been  attained  by  the  liberal  use  of  salt, 
brine,  air  and  cleanliness. 

The  effort  on  the  part  of  the  rail  lines  to  crush  out  our  lake  commerce 
has  been  abandoned,  and  the  fact  that  they  recognize  the  impossibility 
of  doing  so  requires  no  further  proof  than  this. 

At  the  present  time  one  of  our  largest  railroad  interests,  controlling 
a  trunk  line  each  side  of  the  lakes,  has  invested  largely  in  vessel  prop- 
erty, and  are  now  engaged  in  building  more  vessels,  having  demon- 
strated the  fact  beyond  question  that  the  carrying  trade  could  not  be 
diverted  or  forced  from  its  natural  channel. 

To-day  we  find  freights  at  a  very  low  rate.     Railroads  are  defaulting 
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the  interest  on  their  bonds.  Some  are  being  forced  into  the  hands  of  a 
Receiver,  while  our  lake  craft  are  quietly  pursuing  their  way,  and  while 
not  paying  large  dividends  to  then-  owners,  yet  more  than  paying 
expenses,  and  I  am  fully  convinced  that  steamers  can  and  will  be  con- 
structed that  will  pay  a  fair  interest  on  the  investment  at  the  present  low 
rate  of  freights.  To  bear  this  out,  I  will  present  the  following  figures  : 
An  iron  or  steel  steamer  of,  say,  2  500  tons  capacity  can  be  constructed 
with  all  the  improved  appliances  of  the  present  time  to  facilitate  and 
economize  in  the  expense  of  the  running  and  handling  of  cargoes  for 
$175  000  ($7  per  ton) .  It  will  require  on  an  average  12  days  for  a  trip 
to  Chicago  and  return.  I  would  recommend,  and  have  taken  as  a  basis 
for  these  steamers,  a  craft  of  such  lines  and  power  that  the  passage 
could  be  made  in  from  2£  to  3  days. 

Wages  for  the  12  days  to  crew,  $500;  steward's  supplies  same  time, 
$200;  tug  bills,  $50;  fuel,  150  tons  coal  at  $2  25  per  ton,  $337  50;  oil, 
waste,  &c,  $25.  Cost  of  trimming,  shovelling  and  elevating,  including 
average  shortage,  f  cents  per  bushel  on  83  000  bushels,  $622  50;  total 
cost  per  trip,  $1  735.  While  the  earnings  for  the  one  trip  based  on  the 
present  low  rates  would  be  as  follows:  2  400  tons  coal  (I  make  the  cargo 
100  tons  short  on  westbound,  to  allow  for  fuel  at  this  end  of  the  voyage) 
at  80  cents  per  ton,  $1  920;  freight  on  83  000  bushels  wheat  at  1|  cents 
per  bushel,  $1  452;  total  earnings,  $3  372;  after  deducting  running  ex- 
penses we  have  left  the  sum  of  $1  637.  Such  a  steamer  can  easily  make 
17  trips  in  one  season,  which  would  give  total  earnings,  net,  of  $27  829. 
Deducting  insurance,  repairs  (ordinary),  and  commissions,  would  leave 
at  least  $20  000,  or  about  11  per  cent,  on  the  capital  invested. 

The  depreciation  on  such  a  craft  would  not  exceed  3  percent.,  leaving 
a  net  income  of  8  per  cent,  on  the  investment.  In  times  past  such 
returns  on  vessel  property  would  be  looked  upon  as  very  small,  but  I 
believe  that  the  time  is  at  hand  that  capital  must  be  content  with  lighter 
returns  in  all  branches.  With  lines  formed  of  such  steamers  as  I  have 
mentioned,  more  regularity  in  the  way  of  arrivals  and  departures  can  be 
preserved,  thereby  making  a  saving  in  the  cost  of  handling  the  property 
being  transported.  In  the  present  state  of  things  vessels  become 
bunched,  and  four  or  five  of  the  same  line  will  arrive  on  the  same  day, 
taxing  all  the  facilities,  and  in  fact  requiring  more  than  would  be  neces- 
sary, provided  they  were  of  such  construction  and  power  that  no  ordi- 
nary gale  would  materially  affect  them.     Of  course  the  foregoing  figures 
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are  based  upon  a  first-class  craft,  such  as  will  eventually  supersede  all 
others  in  our  lake  carrying  trade — steamers  that  will  make  good  time 
in  all  weathers,  and  deliver  their  cargoes  in  good  order. 

The  part  that  this  natural  waterway  has  taken  in  the  development  of 
our  country's  resources  has  been  a  large  one  in  the  past,  and  it  is  safe  to 
conclude  that  it  will  be  still  greater  in  the  future.  Our  great  northwest 
is  just  now  being  called  upon  to  furnish  her  part  of  the  vast  wealth  con- 
tained in  her  fertile  lands  and  mineral  producing  mountains,  and  it  can 
be  best  made  available  by  cheap  transportation. 

We  must  not  close  our  eyes  to  the  fact  that  this  country  has  strong 
rivals  in  furnishing  the  European  markets  with  breadstuffs.  In  those 
countries  the  labor  is  below  any  possible  competition  on  our  part,  hence 
the  necessity  of  reducing  the  cost  in  other  items  of  expenses  and  in  de- 
livering our  products  in  those  marts. 

This  can  be  accomplished  or  assisted  by  the  introduction  of  such 
steamers  as  I  have  outlined  above.  I  have  confined  my  present  ideas  to 
a  capacity  of  2  500  tons,  as  that  appears  to  me  to  be  as  large  as  the 
present  demands,  although  I  am  not  prepared  to  say  that  steamers 
of  much  greater  capacity  could  not  be  operated  safely,  and  still  more 
profitably.  We  have  now  in  commission  an  iron  steamer  of  full  3  000 
tons,  and,  so  far  as  I  know,  she  is  a  very  successful  one,  but,  as  her 
owners  are  building  another  of  less  dimensions,  this  fact  confirms  me  in 
my  position  of  what  capacity  is  the  most  desirable. 

The  substitution  of  iron  for  wood  in  the  construction  of  our  lake 
steamers  will  have  an  important  bearing  in  the  problem  of  cheap 
trans portation,  not  only  in  the  fact  that  they  are  very  much  lighter  than 
wood,  thereby  increasing  their  carrying  capacity  to  that  extent,  but  be- 
ing restricted  in  the  depth  of  water  has  been  and  is  a  serious  drawback 
in  the  construction  of  wood  steamers  of  above  2  000  tons  capacity,  as, 
in  order  to  give  them  the  necessary  strength,  a  greater  depth  of  hold  is 
required  than  the  draft  of  water  warrants.  In  iron  this  difficulty  is 
entirely  obviated. 

We  are  now  inaugurating  a  still  greater  advantage  by  using  steel  in- 
stead of  iron,  furnishing  a  still  lighter  craft  with  largely  increased 
strength.  As  a  matter  of  course,  these  steamers  are  above  the  cost  of 
wood,  but  their  great  strength,  increased  carrying  capacity  and  dura- 
bility more  than  compensates  for  the  increased  investment. 

On  our  fresh  waters  I  see  no  reason  why  these  steamers  should  not  last 
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50  to  75  years.  The  oldest  iron  craft  here  now,  I  believe,  is  the  U.  S. 
steamer  Michigan,  which  has  passed  her  40th  year,  and  has  just  had  her 
wood  work  all  renewed.  Her  service  has  been  somewhat  easier  than  one 
of  our  freight  steamers  would  be  subject  to,  but,  on  the  other  hand,  she 
is  of  much  lighter  construction. 

Now,  the  facilities  for  rapid  and  economical  handling  of  cargoes  has 
fully  kept  pace  with  the  growth  and  improvements  of  our  vessels,  in 
some  cases,  loading  a  cargo  of  90  000  bushels  in  less  than  3  hours,  2  000 
tons  coal  in  8  to  12  hours,  and  unloading  grain  at  the  rate  of  10  000 
bushels  per  hour,  and  coal  at  the  rate  of  150  tons  per  hour. 

In  conclusion,  I  beg  to  say  that  if  an  increased  depth  of  water  to  the 
extent  of  5  feet,  or  at  least  3  feet,  is  made  by  further  appropriations  from 
the  Government,  a  very  large  reduction  in  the  cost  of  transporting  prop- 
erty would  be  made,  as  nearly  all  of  our  large  steamers  are  constructed 
of  sufficient  depth  to  load  to  18  or  20  feet  of  water. 

With  the  increased  tonnage  they  would  be  able  to  carry  they  would 
largely  increase  the  receipts,  while  the  expenses  would  only  be  increased 
to  the  extent  of  handling  the  increased  portion  of  the  cargo.  It  may 
appear  to  some  that  the  country  at  large  is  not  interested  enough  to 
warrant  the  outlay  of  the  necessary  amounts  for  such  improvements.  I 
think  when  they  contemplate  the  fact  that  this  great  natural  waterway 
is  the  regulator  of  freight  rates  from  the  "West  to  the  Atlantic  Coast 
they  will  admit  the  wisdom  of  such  outlay. 

It  is  a  very  easy  matter  for  the  rail  lines  to  form  pools  and  combina- 
tions, and  force  prices  beyond  what  the  property  can  really  afford  to 
pay.  And  prices  will  be  maintained  while  our  crafts  are  laid  up  for  the 
winter ;  but,  mark  you,  as  soon  as  the  waterway  is  open,  down  go  the 
rates.  It  has  a  direct  bearing  upon  our  country's  prosperity,  and 
the  General  Government  may  well  foster  all  waterways  of  such 
magnitude . 
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Discussion  on  Enlakgement  of  the  Eeie  Canal— Continued. 


A.  P.  Bollek,  M.  Am.  Soc.  C.  E.  — In  discussing  the  canal  question, 
in  its  commercial  aspect,  we  should  not  lose  sight  of  the  mode  in  which 
the  canal  business  is  conducted,  before  concluding  that  the  Erie  Canal 
cannot  pay  as  against  the  railroads.  It  would  seem,  at  first  sight,  that 
with  a  free  waterway,  open  to  all,  the  Erie  Canal  would  have  afforded 
the  extreme  possibilities  of  cheap  water-carriage.  In  point  of  fact  there 
is  more  discouragement  over  the  outlook  of  the  future  for  the  freighters 
and  boatmen,  than  in  the  days  of  tolls.  Freights  have  been  cheap 
enough,  but  scarce,  and  it  would  appear  that  there  is  something  besides 
cheapness  needed  for  the  canals  to  prosper.  Time  of  transit  is  more 
or  less  of  an  element,  but  just  how  much  this  enters  into  the  question, 
it  is  difficult  to  estimate. 

There  is  one  phase  of  experience  the  canal  has  not  as  yet  passed 
through,  and  that  is  a  businesslike  conduct  of  its  affairs.  It  would  be 
an  interesting  experiment  to  devote  a  reasonable  time  to  oi)eratmg  the 
canals  through  the  medium  of  a  private  organization,  -where  the  same 
business  methods,  economies,  systems  and  brains  could  be  put  in  force, 
as  are  now  availed  of  by  railways.  At  present  there  is  no  organization 
whatever  in  the  business  of  the   canals.     The  freighters   and  boatmen 
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form  what   may   be    called   a   transportation    mob.      System  is  just  as 
impossible  as  it  would  be  on  a  turnpike,  where  every  man  with  a  horse 
and  wagon  was  looking  for  a  load,  in  competition  with   his   neighbor, 
with  not  enough  to  go  round,  and  no  one  off  in  the  back   country  seek- 
ing to  draw  business   to  the  pike.     There  are  used  on  the  canals  be- 
tween 4  000  and  5  000   boats,  averaging  about  200  tons  capacity,  more 
than  95  per  cent,  being  propelled  by  animal  power.     There  are  almost 
as  many  owners  as  boats,  which  they  captain  themselves.  As  a  rule  they 
are  poor,  and  feel  compelled  to  make  every  trip  self-supporting.     They 
have  no  capital  or  organization  to  secure  business  at  its   origin  in  the 
Western   country,  where  it  is  contracted  for  by  the  railroads,  which 
are  represented  by  shrewd,  active  agents  at  every  business  centre.     Con- 
sequently the  boatmen  Jiave  a  chance  only  at  such  heavy  freights  as  are 
consigned  from  Western  points  to  Buffalo,  and  fight  among  one  another 
for  it  after  it  arrives  there.    This  diversity  of  ownership  and  interest  has 
always  been  a  fatal  defect  of  the  canal  system  of  this  State,  killing  it  by 
inches  after  the  first  trunk  line  railway  system  was  put  in  operation.  This 
killing  has  been  very  rapid  of    late  years,  and  final  dissolution  cannot 
be  much  longer  postponed  without  a  radical  change  of  policy.     A  ship 
canal  would  have  the  advantage  of  affording  water  facilities  for  original 
cargoes  from   every  lake   port,    meeting   the    railroads   on   their  own 
ground,  and  would  unquestionably  command  a  large  volume   of  traffic. 
Just  what  expenditure  would  be  warranted,  in   building  such  a  great 
work  as  the  ship  canal  outlined  by  Mr.  Sweet,  involves  an  analysis  of 
a  vast  amount  of  commercial  and  traffic  data  and  the  laws  of  transpor- 
tation, that  could  only  be  authoritatively  arrived  at  by  a  State  Commis- 
sion.    There  is   that  in  the  problem  which  would  be  well  worth  the 
State's  best  effort  to  thoroughly  examine,  through   a  well  planned  sur- 
vey, and  it  is  to  be  hoped  that  a  high  class  commission  for  so  doing 
will,  in  the  near  future,  be  constituted.     In  the  meantime,  as  a  last  test 
of    canal  versus  railway,  no   time  should  be  lost  in   abandoning  the 
present  canal  mob  system,  lease  the  canals,  or  hand  them  over  free  to 
a  private  corporation  under  all  needed  restrictions,  and  try  wbat  busi- 
ness methods  will  do  in  solving  the  canal  problem.     If  that   experiment 
did  not  yield  satisfactory  results,  the  palm  must  be  given  ungrudgingly 
to  the  railways.     By  that  time  all  exact  information  will  have   been   ac- 
cumulated regarding  a  ship  canal,  and  wise  conclusions  as  to  the  canal 
problem  may  be  reached. 
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Mr.  E.  H.  Walker,  Statistician  of  the  New  York  Produce  Ex- 
change (by  letter). — Unable  to  be  present  at  the  discussion,  I  can  only 
write  briefly  as  to  a  few  prominent  points. 

An  improved  canal  is  much  to  be  desired.  This  is  an  age  of  tele- 
graphs, telephones  and  all  like  appliances  for  giving  quickly  all  sorts  of 
information.  Transportation  must  follow  in  their  wake,  and  be  also 
rapid  and  cheap. 

With  an  abundance  of  money,  $150  000  000  to  $200  000  000,  a 
ship  canal  from  Lake  Erie  to  the  Hudson  Biver  is  possible.  Such  a 
canal  will  be  too  expensive  and  too  slow  for  the  requirements  of  the 
country,  and  it  would  take  a  half  century  to  construct  such  a  work,  on 
such  an  extensive  scale,  and  when  constructed  and  put  in  use  it  would  be 
found  impracticable  to  run  large  lake  vessels  from  Chicago  or  Duluth  to 
New  York.    It  would  be  impracticable  because  it  would  not  pay  to  do  so. 

Such  large  vessels,  carrying  75  000  to  90  000  bushels  of  grain,  would 
cost  upwards  of  $100  000  each,  and  would  be  required  to  be  manned  by 
25  to  30  men.  Such  a  vessel  must  on  an  artificial  channel  move  slow, 
and  the  round  trip  between  Lake  Erie  and  the  Hudson,  with  this  ex- 
pensive vessel  and  expensive  crew,  could  perhaps  be  made  in  a  month. 

The  cost  of  transfer  is  not  to  exceed  J  cent  per  bushel  from  the 
lake  vessel  to  canal  boats.  There  could  be  an  improved  canal  not 
costing  more  than  $3  000  000,  and  some  say  less  than  $2  000  000,  that 
would  better  serve  the  interests  of  the  country.  Give  the  present 
canal  ten  feet  depth  of  water  through  its  entire  length,  leaving  the 
miter  sills  as  they  are,  give  as  much  length  to  the  locks  as  the  present 
wall  chambers  will  allow,  using  a  tumble  gate,  as  on  the  Delaware  and 
Karitan  Canal,  use  steam  canal  boats,  good  model  for  speed,  and 
tender  of  like  model,  both  carrying  18  000  to  20  000  bushels  of  grain, 
and  making  the  round  trip  between  Lake  Erie  and  New  York  in 
eight  or  ten  days.  This  would  give  celerity  of  movement,  and  the  cost 
of  the  tow-boats  would  not  exceed  $15  000,  versus  $100  000  to  $120  000 
for  the  large  lake  vessel,  a  crew  of  four  to  six  men,  versus  25  to  30  for 
the  lake  vessel.     This  result  could  be  attained  in  ten  years. 

The  State  Legislature  might  vote  for  the  expenditure  of  2  000  000  to 
3  000  000  of  money,  but  never  for  150  to  200  millions. 

E.  S.  Chesbrough,  Past  President,  Am.  Soc.  C.  E.  (by  letter). — In 
regard  to  the  proposed  radical  enlargement  of  the  artificial  water-way 
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between  the  lakes  and  the  Hudson  River,  my  knowledge  of  the  details  of 
the  freight  business  to  be  accommodated,  and  of  the  topography  through 
which  the  enlargement  would  pass  is  too  limited  to  permit  me  to  speak 
with  much  confidence.  It  strikes  me  in  a  superficial  way  that  the  im- 
portance of  the  subject  to  the  State  and  City  of  New  York  is  such  as  to 
render  it  advisable  to  make  the  surveys  and  estimates  recommended  by 
Mr.  Sweet,  and  if  the  Society  is  to  vote  on  the  subject  I  should  like  to  be 
considered  as  voting  aye  on  the  question.  It  occurs  to  me  that  it  would 
be  well  to  study  the  experience  not  only  of  New  York  but  of  the  West, 
in  regard  to  the  diminished  amount  of  freight  on  our  navigable 
rivers  and  other  water-ways,  since  the  railway  system  has  been  brought 
to  its  present  state  of  efficiency.  It  is  wonderful  to  hear  of  the  decline 
of  boating  interests  on  the  Mississippi  and  Missouri  Rivers  and  their 
branches  within  the  last  thirty  years  or  less,  and  even  on  our  great  lakes. 
It  may  not  be  known  to  the  members  of  the  Society  generally  that 
our  late  excellent  and  much  lamented  fellow  member,  Mr.  J.  B.  Jervis, 
once  reported  upon  a  project  which  had  a  similar  object  to  that  proposed 
by  Mr.  Sweet.  I  think  it  was  called  the  Caughnawaga  Ship  Canal,  or 
something  like  it.  I  once  had  a  copy  of  the  report,  but  unfortunately  it 
was  destroyed  in  the  great  fire  of  1871.  According  to  the  best  of  my 
recollection  Mr.  Jervis'  route  passed  down  the  right  side  of  the  St. 
Lawrence  to  the  outlet  of  Lake  Champlain,  and  thence  utilizing  that 
lake  as  much  as  possible  on  the  way  to  the  Hudson  River. 

W.  W.  Evans,  M.  Am.  Soc.  C.  E. — There  are  but  few  people  in  or 
out  of  New  York  who  have  ever  stopped  to  study  the  vast  problem  in- 
volved in  the  enlargement  and  improvement  of  the  great  artificial  water- 
way that  runs  through  the  State  of  New  York,  and  now  brought  to  your 
attention  in  the  short  but  clear  and  forcible  paper  of  Mr.  Sweet ;  he 
could  not  in  the  whole  range  of  questions  connected  with  the  continuance 
and  enlargement  of  the  power  and  wealth  of  the  City  of  New  York,  have 
touched  on  a  subject  of  greater  importance.  The  people  of  the  City  of 
New  York  have  been  now  for  over  a  third  of  a  century  wrapped  up  in 
the  belief  that  the  days  for  canals  had  gone  by,  and  that  railways  were 
to  do  all  the  work,  better  and  cheaper  and  quicker  than  it  had  been  done, 
or  could  be  done  by  any  water-line,  and  this  great  fallacy  has  been 
fostered  and  kept  alive  by  the  preachings  of  the  Railway- magnates 
dictated  by  their  greed  of  gold  and  personal  interests.    It  is  very  easy  to 
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show  that  of  the  three  pins  this  railway  fallacy  stands  on,  two  of  them 
(better  and  cheaper)  can  be  knocked  from  under  it,  and  then  it  must 
stand  on  one  pin,  that  of  speed,  which  no  one  will  deny,  and  all  students 
in  the  matter  of  transport  will  admit  that  when  speed  is  not  brought  in 
as  an  element  in  the  calculation,  no  railway  can  stand  in  competition 
with  a  well  constructed  water-line;  this  is  clearly  proved  by  statistics 
recently  published,  showing  that  the  average  charge  on  a  bushel  of 
wheat  from  Chicago  to  New  York  in  1884  to  September  1st  was,  by  lake 
and  canal  G.GO  cents,  by  lake  and  rail  9.75  cents,  and  by  all  rail  13  cents; 
these  figures  tell  the  whole  story.  If  New  York  City  is  to  maintain  its 
supremacy  as  the  Empire  City  of  this  Continent,  it  must  do  all  in  its 
power  to  improve  and  make  more  powerful  its  water-lines;  it  will  be  a 
sorry  day  for  the  City  of  New  York  when  the  Erie  Canal,  the  water-line  that 
made  the  city,  is  sold  or  filled  up,  or  a  railway  put  on  its  bottom  or  its 
banks,  by  the  railway  grabbers  who  have  been  for  years  trying  to  wreck  it; 
they  are  not  Patriots,  Statesmen,  or  true  Americans.  Mr.  Albert  Fink's 
valuable  papers  on  transport  show  the  influence  of  the  Erie  Canal,  and  how 
widely  it  is  extended,  even  down  to  the  lines  of  the  Railway  he  directed  in 
Kentucky.  The  railway  grabbers  know  and  feel  that  as  long  as  it  exists 
it  will  exert  a  large,  a  very  large  influence  on  the  cost  of  transport  be- 
tween the  Atlantic  coast  and  the  great  chain  of  lakes;  no  policy  can  be 
so  suicidal  as  that  of  selling  it  or  closing  it,  and  no  policy  can  do  so 
much  good  and  do  so  much  towards  extending  the  wealth  and  influence 
of  the  State  of  New  York,  as  that  of  enlarging  and  improving  in  the 
most  perfect  manner  this  great  water-line  as  pointed  out  by  Mr.  Sweet 
in  his  able  paper,  making  it  a  ship-canal  equal  in  carrying  capacity  to 
the  new  Welland  Canal.  I  would  propose,  in  addition  to  what  Mr. 
Sweet  outlines,  to  make  a  branch  canal  ten  miles  long  of  equal  capacity, 
from  Great- Sodus- Bay  (the  largest  and  best  harbor  on  the  entire  chain 
of  lakes)  to  the  main  line  of  the  Erie  Canal,  to  provide  for  catching 
the  products  of  the  West  that  may  be  dropped  on  to  Lake  Ontario  by 
the  Welland  Canal,  and  also  to  provide  for  catching  the  great  trade  that 
will  be  thrown  on  to  Lake  Ontario,  when  the  Canadians  cut  a  ship  canal 
from  Lake  Simcoe  to  Lake  Ontario  at  Toronto,  and  by  that  canal  connect 
Lake  Huron  through  Georgian  Bay  and  Lake  Simcoe  with  Lake  Ontario, 
this  canal  will  shorten  the  water-line  from  Chicago  and  Duluth  to  New 
York  over  four  hundred  miles.  And  then  in  viewing  these  immense  work3 
we  must  not  overlook  the  vision  of  a  great  ship  canal  that  may  some  day 
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be  built  from  Lake  Superior  up  through  Rainy  Lake  to  the  Lake-of-the 
Woods,  and  thence  through  Lake  Winnepeg  and  Lake  Manitoba  into  the 
heart  of  the  greatest  grain  field  of  the  world,  all  of  which  can  be  made 
tributary  to  the  great  centre  water  line  of  the  State  of  New  York.  Then, 
it  may  be,  that  a  ship  could  load  near  the  Rocky  Mountains  and  unload 
in  Liverpool  or  London ;  all  this  may  be  carried  out,  but  it  will  not  be 
done  without  a  struggle,  a  bitter  struggle  with  the  railway  interests. 

If  the  people  are  true  to  themselves,  they  will  show  that  the  products 
of  the  forest,  the  field  and  the  mine  are  so  bulky  and  heavy  in  propor- 
tion to  their  value  that  they  demand  to  be  carried  by  water-lines,  and 
the  true  interest  of  the  country  consulted  instead  of  the  pockets  of  the 
railway  men.  Mr.  Sweet  shows  that  the  propellers  on  the  lakes  have 
found  a  profit  in  carrying  grain  at  two  cents  a  bushel  from  Chicago  to 
Buffalo.  Is  it  not  reasonable  to  suppose  that  when  we  have  a  ship  canal 
from  Buffalo  to  the  Hudson  River,  and  have  greater  economies  growing 
out  of  improvements  in  ships  and  steam  propulsion,  that  we  can  carry 
with  profit  a  bushel  of  wheat  from  Chicago  or  Duluth  to  New  York  for 
three  cents  ? 

The  average  freight  charge  on  water  lines  from  Chicago  to  New 
York  on  a  bushel  of  wheat  was,  in  1857,  26 .  03  cents,  and  in  1884  it  was 
6.60  cents.  This  reduction  in  27  years  is  so  astounding  that  we  are 
warranted  in  believing  in  future  reductions,  when  we  have  finished  a 
great  ship  canal,  reduced  the  length  of  the  route,  built  vessels  of  thin 
plates  of  steel  and  made  the  steam  engine,  which  is  to  occupy  only  half 
the  space  it  does  now,  give  off  a  horse- power  for  every  pound  of  coal 
consumed.  These  are  glorious  visions  but  they  are  all  within  the  limits 
of  "  plain- sailing."  Mr.  Sweet  starts  his  paper  with  the  assertion 
that  DeWitt  Clinton  was  the  projector  of  the  Erie  Canal ;  this  is  a  pop- 
ular error.  Gouverneur  Morris,  the  statesman,  the  man  who  wrote  the 
Constitution  of  the  United  States,  and  who  devised  and  gave  us  our* 
decimally  divided  dollar,  was  the  projector  of  the  Erie  Canal  (see  his 
letter  to  General  Henry  Lee,  written  in  January,  1801,  in  the  third  vol- 
ume of  his  life  and  writings).  DeWitt  Clinton,  by  his  energy,  his 
influence  and  his  great  executive  ability,  carried  through  that  great 
work  (great  for  those  days)  to  completion,  and  by  so  doing  made  New 
York  City  the  Empire  City  of  this  continent,  and  at  the  same  time  built 
up  the  West  which  to  that  time  had  been  but  a  howling  wilderness.  It 
is  not  generally  known  that  the  first  idea  Morris  had  of  this  canal  was 
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to  build  it  without  locks  and  have  one  continuous  water-grade  from 
Lake  Erie  to  the  Hudson  Kiver,  and  let  the  waters  of  the  lake  flow  the 
whole  distance.  What  a  grand  idea,  and  it  was  not  so  unreasonable  as 
one  would  suppose  at  first  sight,  for  the  grade  could  have  been  kept  to 
one  foot  fall  in  a  mile,  which  is  not  impracticable  for  navigation,  as  the 
Ganges  Canal  in  India,  built  for  irrigation  and  navigation,  and  worked 
in  either  direction,  has  a  grade  of  fifteen  inches  to  the  mile.  Morris 
also  had  an  idea  that  at  some  point  on  the  south  shore  of  Lake  Ontario, 
a  place  could  be  found  where  a  branch  canal  could  be  cut,  and  have  the 
same  grade  into  the  main  line.  The  topography  of  the  State  was  not 
well  known  in  those  days.  Mr.  Sweet's  idea  of  having  but  one  summit, 
and  that  to  be  Lake  Erie,  is  a  grand  one,  and  will  be  essential  to  the 
success  of  this  great  project.  It  is  to  be  hoped  that  the  members  of  our 
Society  of  Civil  Engineers  will  look  on  it  as  one  of  the  grandest  projects 
of  this  age,  so  replete  with  gigantic  works,  and  unceasingly  advocate  its 
being  looked  into  and  elaborated  by  the  best  engineering  minds  of  the 
country. 

The  time  is  not  far  distant  when  there  will  be  annually  in  the  West, 
tributary  to  the  great  Lakes,  over  50  000  000  of  tons  of  the  products  of 
the  forest,  the  field  and  the  mine  seeking  tide  water  on  the  Atlantic. 
Now  if  we  can  save  by  this  canal  on  a  bushel  of  wheat  or  its  equivalent 
in  other  products  of  this  vast  amount  one  cent,  it  will  amount  to  18 1 
millions  of  dollars,  and  if  we  can  save  the  difference  between  6.60  cents 
and  3  cents,  hinted  at  as  in  the  possibilities,  then  the  saving  by  making 
this  great  water  line  would  be  over  65  millions  of  dollars  annually,  a 
sum  worthy  of  deep  study  and  consideration.  In  discussing  this  canal 
matter  I  beg  to  bring  to  your  attention  the  use  of  Elevators  in  the  place 
of  Locks,  and  to  make  them  of  chemically  prepared  wood  instead  of 
stone.  I  believe  that  wooden  elevators  can  be  made  to  lift  with  cer- 
tainty and  safety  any  vessel  and  its  cargo,  one  hundred  feet  or  more  at 
one  lift,  no  matter  what  the  size  or  tonnage  may  be  ;  and  I  further 
believe  that  these  wooden  elevators  can  be  made  cheaper  and  more 
durable  than  stone,  and  that  by  their  use  a  great  saving  in  time  can 
be  effected  at  such  points  as  Cohoes,  Little  Falls,  Lockport  and  wher- 
ever a  number  of  locks  can  be  combined  in  one  lift  or  elevator  ;  and  I 
further  think,  from  the  facts  laid  before  me  in  the  history  of  Simpson's 
Wooden  Dry  Docks  (eleven  of  which  are  now  in  use  in  this  country), 
that  they  are  much  better  in  cold  climates  than  any  stone  dock  or  lock, 
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and  will  cost  less  for  yearly  repairs  ;  that  I  may  not  be  misunderstood  in 
this  matter  of  the  use  of  wood,  I  would  mention  that  my  idea  is  to  wash 
out  the  interior  of  each  stick  of  timber  by  the  Boucherie  process,  in  that 
way  getting  rid  of  the  sap,  which  contains  the  germs  of  decay,  and 
then  by  filling  the  capillaries  of  the  wood  with  two  chemicals;  first 
one,  and  then  the  other,  which  chemicals  coming  in  contact  inside  of 
the  timber,  form  an  insoluble  salt  which  will  remain  there,  and  being 
both  from  inorganic  matter,  they  will  render  the  wood  almost  uninflam- 
mable and  almost  indestructible  by  decay. 

The  chemicals  I  would  propose  are  cheap  and  readily  manufactured 
anywhere  ;  they  are  silicate  of  soda  and  chloride  of  calcium. 

With  such  a  canal  as  Mr.  Sweet  has  proposed  the  farmers  of  the 
"West  can  keep  in  check  the  whole  railway  system;  it  can  stop  growing 
"wheat  in  England,  and  can  defy  any  rivalry  from  India.  To  show  what 
great  differences  there  may  be  in  different  modes  of  transport,  I  beg  to 
mention  that  in  1857  I  had  sent  from  New  York  to  Valparaiso,  while 
building  a  Government  railway  in  Chili,  5  000  barrels  of  cement,  that 
cost  for  freight  5  dollars  a  ton  on  a  voyage  of  11  000  miles  ;  this  same 
cement  cost  $35  a  ton  to  transport  it  in  ox-carts  from  Valparaiso  to 
Santiago,  a  distance  of  100  miles.  Within  a  short  time  I  have  sent  an 
iron  structure  to  South  Africa  that  cost  for  freight  from  New  York  to 
Port  Elizabeth,  in  Cape  Colony,  $8  a  ton,  and  then  it  cost  £10  a  ton 
{$200)  to  haul  it  to  Bloemfontein,  in  the  Orange  Free  State,  some- 
thing over  300  miles.  A  considerable  part  of  this  route  is  occupied  by  a 
baby  railway  (narrow  gauge);  the  railway  of  the  future,  according  to 
Mr.  Fairlie;  but  we  are  not  yet  far  enough  into  the  future  to  see  where 
its  merits  come  in,  for  this  particular  railway  in  Cape  Colony  has  not 
yet  been  able  to  take  the  business  of  transport  away  from  the  carts. 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E.— Money  can  do  anything,  and 
money  enough  could  make  this  ship  canal.  Assume  that  it  would  cost  no 
more  than  Mr.  Sweet's  estimate,  say  $150  000  000: 

Interest  at  5  per  cent,  would  give  an  annual  charge  of $7  500  000 

Repairs,  say  2  per  cent 1  500  000 

$9  000  000 
Assume  also  that   its  tonnage    would    be,    as    Mr.    Sweet    thinks, 
25  millions  annually.     The  toll  per  ton  would  be  36  cents,  equal  to  a 
little  over  1  cent  per  bushel. 
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No  one  will  doubt  that  it  would  take  a  1  500  ton  propeller  as  long, 
if  not  longer  to  go  from  Buffalo  to  New  York,  as  from  Chicago  to 
Buffalo.  If  as  long,  which  I  doubt,  on  account  of  the  delays  of  locks, 
side  winds,  passing  other  vessels,  etc.,  then  the  cost  would  be  the  same, 
viz. ,  2  cents  per  bushel.  Add  tolls,  1  cent,  we  have  3  cents  per  bushel 
as  against  4  cents,  a  saving  of  only  1  cent. 

There  is  another  point  to  be  considered. 

Why  is  it  that  the  canal  carries  only  \  of  the  freight,  and  the  rail- 
roads 5,  when  the  cost  is  so  much  less  ?  It  is  because  the  canal  is  shut 
up  half  the  year,  while  the  railroads  are  always  ready . 

I  believe  it  would  be  a  wiser  investment  of  capital  to  lay  steam  pipes 
to  heat  the  canal  and  keep  it  open  all  the  year,  rather  than  to  build  Mr. 
Sweet's  proposed  ship  canal. 

N.  M.  Edwabds,  M.  Am.  Soc.  C.  E.  — One  of  the  great  economic 
questions  to-day  before  this  nation  is,  can  our  great  northwest  continue 
to  raise  wheat,  at  a  fair  profit,  and  compete  with  other  favored  wheat 
growing  countries  in  the  markets  of  Europe.  In  the  past  it  has  been 
done,  and  mainly  through  more  enlightened  energy,  rather  than  through 
advantages  of  soil  or  location. 

Thi*ee  factors  have  chiefly  aided  in  the  race: 

1st.  The  Erie  Canal  opening  to  the  commerce  of  the  world  the  shores 
of  the  great  lakes. 

2d.  Our  early  railroad  system,  its  ally  and  competitor. 

3d.  Our  improved  agricultural  implements. 

Now,  other  nations  are  availing  themselves  of  our  methods,  some  are 
near  the  great  markets,  with  mainly  deep  water  navigation  thereto,  and 
all  have  cheaper  labor.  In  view  of  our  wheat  fields  being  so  remote, 
we  must  cheapen  our  transportation  by  deep  water  navigation  to  the 
seaboard,  that  we  may  distance  competitors  and  reap  profit  in  the  race. 

The  advantages  of  the  general  plan  of  deep  river  outlet  of  Lake  Erie 
into  the  Hudson,  as  advocated  by  Mr.  Sweet,  State  Engineer  of  New 
York,  must,  in  my  opinion,  command  recognition.  If  the  State  or 
general  government  will  not  move  early,  I  believe  a  liberal  charter 
should  be  obtained,  protective  and  popular  in  its  conditions,  and  that 
the  people  interested  would  undertake  the  work. 

Upon  this  enlarged  waterway,  with  New  York  the  metropolis,  and 
Chicago  and  Duluth  at  the  head  of  navigation,  capacious  enough  for  the 
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commerce  of  the  nation,  would  float  steamships  equally  at  home  on  the 
lakes  or  the  ocean.  With  such  facilities  I  estimate  wheat  could  be 
carried  from  the  head  of  the  lakes  to  New  York  City  at  5  cents  a  bushel, 
with  1  or  2  cents  added,  if  tolls  are  required. 

From  prominent  railroad  authority  we  have  the  statement  that  from 
St.  Louis  by  water,  via  New  Orleans  to  England,  wheat  can  be  carried  8 
cents  per  bushel  less  than  by  rail  to  Atlantic  ports  and  thence  by  water. 

For  comparison,  we  will  take  St.  Paul  as  a  center,  and  estimate  the 
future  probable  rates,  say  for  10  years  hence,  over  the  various  routes  to  the 
seaboard.  On  the  trunk  lines  from  Chicago  to  New  York  City  we  are  given 
in  Mr.  Sweet's  paper  the  average  of  rates  as  14.9  cents  per  bushel. 
Taking  940  miles  as  their  average  length  we  have  wheat  carried  63.1 
miles  for  1  cent ;  then  assuming  a  possible  reduction  of  20  per  cent,  in 
rates,  we  have  a  carriage  of  79  miles  for  1  cent.  From  St.  Paul  to  New 
Orleans  by  barges  I  would  place  a  rate  of  8  cents,  or  about  the  present 
average  from  St.  Louis  to  New  Orleans. 

Below  are  estimates  of  possible  rates  under  the  more  favorable  con- 
ditions for  cheap  traffic  that  may  exist  a  decade  hence: 

St  Paul  by  all  rail  to  New  York  City  via  Chicago, 

about  1  340  miles 17    cents  per  bushel. 

By  all  rail  to  Montreal  via  Sault  St   Marie,   say 

1 150  miles 14|  cents  per  busheL 

By  rail  to  Duluth,  155  miles,  with  ^  cent  transfer, 

thence  by  proposed  improved  water  route  to 

New  York  City  7£  cents  per  bushel . 

Down  the  Mississippi  River  to  New  Orleans 8  cents  per  bushel. 

The  capitalists  of  New  York  and  the  East  will  not  desire  to  see  the 
commerce  of  the  West  diverted  by  reason  of  the  Welland  Canal  and  Eads 
Jetties,  when  engineering  works  equally  practicable  will  furnish  a  cord 
that  will  bind  that  commerce  to  themselves.  The  manufacturer,, 
requiring  low  freight  rates,  that  he  may  be  able  to  compete  with  the 
world,  uniting  with  the  producer  and  consumer,  will  demand  that  the 
water  ways  be  not  blocked  by  want  of  proper  increase  of  facilities.  The 
nation  can  be  relied  upon  for  the  deepening  of  the  St.  Clairs  Flats 
and  the  Sault  St.  Marie,  and  will  be  enriched,  strengthened  and  united 
by  this  strong  bond  of  steamship  communication  from  New  York  City 
to  the  great  northwest. 
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Col.  W.  E.  Merrill,  M.  Am.  Soc.  C.  E. — The  project  prepared  by- 
Mr.  Sweet  is  a  magnificent  one,  worthy  of  the  great  and  wealthy  nation 
to  which  he  has  presented  it.  The  benefits  to  follow  from  its  adoption 
will  not  be  limited  to  the  State  and  City  of  New  York,  but  they  will  be 
spread  over  the  entire  basin  of  the  great  lakes,  and  they  will  ramify  to 
all  parts  of  the  great  northwest,  the  granary  of  the  continent. 

Money  expended  in  transportation  is  practically  money  wasted,  in- 
asmuch as  it  adds  nothing  to  the  intrinsic  value  of  the  thing  transported. 
It  is  a  waste  that  can  never  be  wholly  avoided,  but  nevertheless  it  is  a 
waste,  and  every  consideration  for  national  welfare  calls  upon  us  to 
reduce  it  to  the  minimum,  every  such  reduction  being  a  practical 
addition  to  national  wealth.  Bread  is  the  staff  of  life,  and  whatever 
reduces  the  price  of  bread  makes  it  easier  for  the  laboring  classes  to 
sustain  life,  and  to  bear  the  burden  of  poverty.  In  all  communities  the 
great  majority  of  the  population  must  necessarily  be  dependent  for  their 
sustenance  on  their  daily  labor.  The  products  of  this  labor  are  ex- 
changed for  food,  clothing  and  shelter,  and  whatever  reduces  the  cost  of 
the  chief  article  of  food  gives  the  laborer  a  larger  surplus  to  expend  on 
the  comforts  of  life,  thus  making  him  more  contented  with  his  lot,  and 
less  disposed  to  wage  war  against  society. 

The  chief  merit  of  the  project  in  question  is  that  it  will  reduce  the 
cost  of  wheat,  and  therefore  of  bread,  to  what  we  may  consider  the 
theoretical  minimum;  the  benefit  that  will  flow  from  a  radical  cheapen- 
ing of  the  chief  article  of  human  food  is  beyond  calculation.  Cheap 
bread  is  a  guarantee  against  such  starving  mobs  as  began  the  French 
revolution,  and  in  these  days  when  the  poor  are  said  to  be  growing 
poorer,  it  is  a  matter  that  deserves  most  serious  attention.  A  nation  can 
well  afford  to  expend  large  sums  in  assisting  the  masses  to  earn  their 
daily  bread  without  excessive  labor. 

The  main  question,  however,  with  which  we  have  now  to  deal  is  the 
practicability  of  the  project  from  the  standpoint  of  the  engineer.  I 
have  examined  it  with  care,  and  feel  free  to  express  the  opinion  that  it  is 
entirely  practicable.  The  current  that  would  be  created  in  the  western 
portion  of  the  canal  by  the  effort  to  feed  the  whole  line  from  Lake  Erie, 
would  undoubtedly  be  somewhat  objectionable,  but  it  will  be  in  favor  of 
the  heavy  traffic,  and  it  can  be  lessened  by  retaining  all  the  intermediate 
feeders  of  the  present  canal,  and  by  concreting  the  bed  and  banks  at 
points  where  the  leakage  is  above  the  average. 
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There  is  no  serious  difficulty  in  making  or  handling  canal  gates  of 
the  size  and  lift  required.  For  a  lock  having  a  lift  of  25  feet,  a  draught 
of  18  feet  and  a  width  of  60  feet,  the  lower  gates  would  have  to  be 
about  45  feet  high  and  35  feet  wide.  There  are  now  in  daily  use  on  the 
Louisville  and  Portland  Canal,  gates  that  are  31  feet  high  and  47  feet  8 
inches  wide,  and  on  the  St.  Mary's  Canal,  gates  that  are  39  feet  high  and 
35  feet  wide;  the  former  are  worked  by  steam,  and  the  latter  by  hydraulic 
power.  Some  similar  arrangement  would  be  required  at  the  proposed 
locks,  but  the  fall  over  the  waste  weirs  can  be  utilized  at  a  minimum 
of  cost. 

The  author  suggests  the  use  of  "  movable  "  dams  on  the  Mohawk.  I 
would  recommend  fixed  dams,  because  they  are  cheaper  in  first  cost  and 
in  maintenance,  and  for  the  additional  reason  that  no  movable  dam  has 
yet  been  built  with  a  greater  height  than  14  feet.  A  movable  dam  with 
12  feet  lift,  and  18  feet  depth  of  water  below  it,  would  require  movable 
apparatus  30  feet  high.  There  are  types  of  movable  dams  that  could 
be  enlarged  to  these  dimensions,  but  the  apparatus  would  be  very  costly 
and  very  heavy  ;  it  could  only  be  handled  by  power,  and  therefore  its 
use  should  be  avoided,  unless  absolutely  essential.  Movable  dams  are  a 
necessity  on  the  Ohio,  and  on  the  lower  part  of  the  Great  Kanawha,  be- 
cause during  half  of  the  year  these  rivers  are  abundantly  supplied  with 
water,  and,  at  such  times,  dams  that  cannot  be  gotten  out  of  the  way 
are  not  only  undesired,  but  they  are  positive  obstructions  to  navigation. 
Movable  dams  are  also  required  on  rivers  that  have  low  banks,  and 
valuable  lands  adjacent  to  the  stream  that  would  be  overflowed  during 
floods  by  fixed  dams.  In  all  other  cases  fixed  dams  are  preferable,  as 
they  cost  less  to  build,  are  cheaper  to  maintain  and  operate,  and  they 
can  resist  the  shock  of  moving  ice,  which  movable  dams  cannot  do  ;  the 
latter  are  always  lowered  whenever  ice  threatens.  As  I  am  not  familiar 
with  the  physical  conditions  and  surroundings  of  the  Mohawk  Eiver,  I 
submit  these  remarks  with  diffidence. 

The  standard  draught  for  harbors  on  the  Great  Lakes  is  16  feet,  and 
this  draught  will  not  be  exceeded  until  the  movement  for  an  increase  be- 
comes general.  The  St.  Clair  Flats  Canal,  to  which  allusion  is  made  in 
the  paper,  is  merely  an  open  cut  with  banks  protected  by  dikes.  It  is 
300  feet  wide,  has  a  depth  of  16  feet  for  a  width  of  200,  and  is  a  trifle 
over  1|  miles  long.  It  is  maintained  by  occasional  dredging,  and  by  the 
same  means  it  can  be  deepened,   but  any  marked   increase   in   depth 
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would  necessitate  a  corresponding  increase  in  length,  as  the  whole 
northern  end  of  Lake  St.  Clair  is  shoal. 

The  St.  Mary's  Canal  is  at  the  outlet  of  Lake  Superior,  and  it  is  con- 
sequently only  used  by  the  commerce  of  that  lake  ;  the  great  grain  fleet 
from  Chicago  and  Milwaukee  passes  50  miles  south  of  it.  The  only  limit 
that  there  is  on  the  size  of  vessels  coming  East  from  Lake  Michigan  is  a 
limit  to  their  draught  caused  by  the  shallowness  of  lake  harbors,  and  of 
Lake  St.  Clair. 

The  present  Erie  Canal  is  352  miles  long,  and  has  72  locks  with  an 
average  lift  of  9  feet.  The  new  water  route  will  consist  of  a  canal  245 
miles  long,  with  6  locks  having  an  average  lift  of  23  feet,  and  100  miles 
of  slackwater.  A  mere  comparison  of  these  figures  will  show  at  a  glance 
how  radical  a  change,  and  how  vast  an  improvement,  is  outlined  in 
Mr.  Sweet's  paper. 

I  apprehend  that  there  will  be  more  real  difficulty  in  securing  18  feet 
in  the  upper  Hudson  than  in  any  other  part  of  the  project,  but  a  lateral 
canal  is  always  possible  should  the  open  river  prove  impracticable. 

The  great  military  advantages  of  the  proposed  ship- canal  should  not 
be  overlooked.  Under  existing  treaties  with  Great  Britain  the  United 
States  can  only  keep  one  gunboat  of  limited  tonnage  on  the  Great  Lakes. 
In  case  of  war  Great  Britain  could  command  an  unlimited  supjDiy  of 
gunboats  through  the  Canadian  canals,  while  we  would  have  to  depend 
on  merchant  steamers  hastily  transformed  into  what  were  known  during 
the  late  war  as  "tin  clads."  With  the  proposed  ship-canal  we  could 
meet  a  foreign  foe  on  a  footing  of  equality,  provided,  of  course,  Congress 
should  meanwhile  awake  to  the  defencelessness  of  the  nation  and  give 
us  a  navy. 

John  D.  Van  Buren,  Jr.,  M.  Am.  Soc.  C.  E. — Features  of  the  Various 
Routes. — This  is  a  century  in  which  Titanic  schemes  are  not  only  sug- 
gested, but  carried  out,  and  possibly  the  present  generation  will  see  a 
ship  canal  built  from  the  lakes  to  the  Hudson  River.  As  a  purely  en- 
gineering project,  the  work  proposed  in  the  paper  under  discussion  is 
undoubtedly  feasible,  and,  considering  the  requirement  that  the  route 
shall  lie  wholly  within  the  limits  of  the  State,  it  is  perhaps  the  best  one 
for  such  work.  Indeed,  there  is  but  one  other  answering  this  require- 
ment :  that  by  canal  around  Niagara  Falls,  Lake  Ontario  and  Oswego. 
There  are,  however,  two  international  routes  worthy  of  serious  consid- 
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eration.     The  important  features  of  tlie  four  routes  are  set  forth  in  the 
following  table  : 

TABLE  No.  19. 


Routes. 

Lockage. 

No.  of 
Locks. 

Miles, 
Canal. 

352 

224 

158 
125 

Miles, 
River. 

Miles, 
Lake. 

Total, 

Miles. 

1.  Chicago   to  New  York,  by  Buffalo 

655 
955 

717 

872 

72 
94 

72 

87 

202 
196 

363 

572 

865 
983 

1116 

671 

1419 

2.  Chicago  to  New  York,  via  Welland 

1403 

3.  Chicago  to  New  York,  via  St.  Law- 
rence and    proposed   Caughna- 

1637 

4.  Chicago  to  New  York,  via  proposed 
Ottawa  and   Caughnawaga    Ca- 

1368 

(In  the  Oswego  route  the  "Welland  Canal  is  taken  to  represent  a  simi- 
lar canal  on  the  State  side.) 

The  time  which  would  be  required  from  Chicago  to  New  York  by 
each  route  respectively,  is  as  follows,  the  estimates  being  based  upon  a 
speed  of  5  miles  on  canal,  and  12  miles  on  lake  and  river,  and  30  minutes 
being  allowed  for  each  20  feet  of  lockage. 

1.  Erie  route 176  hours. 

2.  Oswego  route 167       " 

3.  Niagara  Falls  and  Caughnawaga 173        " 

4.  Ottawa  and  Caughnawaga 150       " 

The  Oswego  route  is  deficient  in  water,  and  would  require  a  costly 
feeder  from  Lake  Erie,  necessitating  for  that  purpose  a  material  enlarge- 
ment of  the  western  portion  of  the  present  canal,  and  an  expensive 
alteration  between  Newark  and  Syracuse,  in  order  to  secure  a  continu- 
ous descent.  It  is  probable,  therefore,  that  this  route  would  be  more 
expensive  than  the  first. 

There  are  no  difficulties  of  this  kind  on  the  two  international  lines, 
which  would  evidently  be  incomparably  cheaper,  and,  one  of  them,  a 
day  shorter.  It  is  then  an  important  question  whether  the  advantages 
of  such  an  international  route  would  outweigh  those  of  the  more  costly 
and  longer  State  route.  Probably  a  full  State  control  would  be  of  im- 
perative importance. 

Cost  of  Construction.— Before  even  a  preliminary  discussion  can  pro- 
ceed with  any  satisfaction  an  estimate  of  the  cost  of  the  proposed  work 
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must  be  made.  A  rough  approximation  can  perhaps  be  made  from  the 
cost  of  the  present  Erie  Canal.  The  total  cost  of  the  Erie  Canal,  not 
including  interest,  during  construction  (about  $9  000  000),  and  exclusive 
of  feeders,  was,  up  to  1876,  about  $18  000  000.     Of  this  were  expended 

for 

Bridges,  about S3  000  000 

Locks,  about 5  000  000 

Aqueducts,  about 7  500  000 

Culverts,  stop-gates,  &c 1  000  000 

Total 816  500  000 


If  the  cost  of  the  canal,  exclusive  of  structures,  be  taken  as  propor- 
tional to  the  area  of  the  water-way,  the  estimate  will  certainly  be  low, 
for  where  embankments  occur  this  ratio  would  be  greatly  exceeded. 

Hence,  approximate  cost  of  prism — 

=  $31  500  000  X  ^  =  $116  000. 
490 

The  bridges  may  be  taken  as  proportional  to  the  square  of  the  width 

of  water-way,  equal  to  about  $6  000  000. 

Say,  15  locks  of  about  25  feet  lift,  at  $1  500  000  =    $22  500  000 

15  "  12         "  500  000=        7  500  000 


Total  for  locks =    $30  000  000 


The  cost  of  aqueducts  will  evidently  be  great,  and  may  be  taken  to  hold 
the  same  ratio  to  the  cost  of  locks  as  obtains  in  the  present  canal,  mak- 
ing a  deduction  of   one-third  for  absence  of  aqueducts  east  of  Utica  by 
reason  of  the  proposed  canalization  of  the  Mohawk. 
Hence,  cost  of  aqueducts  =  $30  000  000. 
In  a  similar  manner,  culverts,  &c,  =  $5  000  000. 
Summary. 
Prism,  =     $116  000  000 

Bridges,  =  6  000  000 

Locks,  =         30  000  000 

Aqueducts,        =         30  000  000 
Culverts,  etc.,  =  5  000  000 

Add  for  dams,  =  7  000  000— About  as  much  as  Mohawk  locks, 

including    consequent     land 

Grand  total. . .      $191  000  000  damages. 
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Table  No.  20,  prepared  with  great  care  by  the  -writer  while  State 
Engineer  and  Surveyor,  from  data  collected  from  numerous  reliable 
parties  actually  engaged  in  transportation  on  the  canal,  exhibits  the 
estimated  cost  on  the  Erie  Canal  by  the  various  modes  in  use.  The 
interest  and  sinking  funds  are  based  upon  a  rate  of  7  per  cent. ;  a  change 
to  6  per  cent,  would  vary  the  figures  not  more  than  1  per  cent. 

These  figures  may,  I  think,  be  taken  as  the  lowest  fairly  profitable 
rates,  considering  wear  and  tear  and  living  wages. 

It  will  be  sufficient  to  make  the  comparison  with  the  present  all- 
water  route  by  the  Erie  Canal.     Now,  this  can  be  done  in  four  ways: 

1st.  By  comparing  the  two  canals  as  private  enterprises,  and  charg- 
ing full  interest  on  total  cost  against  both.  A  charge  of  about  3  cents 
per  bushel  from  Buffalo  to  New  York  must  then  be  made  against  the 
present  canal. 

2d.  The  Erie  Canal,  considered  as  a  purely  financial  scheme,  having 
fully  paid  for  itself,  including  all  interest  charges,  from  its  tolls,  it  may 
be  looked  upon  as  having  cost  the  people  of  the  State  nothing.  In  this 
view,  then,  no  interest  charge  should  be  made,  but  only  the  cost  of  oper- 
ating, equal  to  about  the  rate  of  toll  included  in  table  No.  20,  1 .  04  per 
cent,  per  bushel. 

3d.  Considering  the  Erie  only  as  a  free  canal,  which  gives  the  true 
comparison  between  the  present  cheapest  route  and  the  proposed  canal 
built  by  private  enterprise  or  run  with  full  tolls. 

4th.  By  comparing  freight  rates  only,  both  canals  being  free. 

Hence,  Table  No.  21. 

Considered  as  a  private  enterprise.  The  third  comparison  of  the 
table  indicates  what  the  inducement  would  probably  be  to  turn  an  ade- 
quate tonnage  into  the  new  channel.  The  rates  would  be  nearly  the 
same  as  those  of  the  present  free  all-water  route;  and  it  must  be  remem- 
bered that  the  traffic  on  the  present  canal  does  not  equal  one-half  its  full 
capacity,  and  yet,  notwithstanding  an  annual  average  difference  between 
the  all- water  and  railroad  rates  of  5  cents  per  bushel,  or  one-third  in 
favor  of  the  former,  its  tonnage  has  not  increased  for  years,  while  the 
traffic  of  the  latter  has  increased  enormously.  This  difference  seems  to 
be  a  measure  of  the  superiority  of  railroad  facilities  over  those  of  the 
present  all-water  route.  The  causes  of  this  lie  mainly  in  the  fact  that 
the  water  route  is  closed  during  five  months,  is  on  the  canal  very  slow, 
and  has  poor  terminal  facilities.      The  proposed  canal  would,  of  course, 
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TABLE  No.  21. 

Cost    of    Transporting    a    Bushel    of    Wheat    from     Chicago    to 

New    York. 


Cost  by 
Present   Canal. 

Cost  by 
Proposed  Canal. 

Mode  of  Comparison. 

Taking    Freight  from 
Chicago  to  Buffalo. 

Taking  Freight  from 
Chicago  to  New  York. 

2h  cts. 

3i  cts. 

4   cts. 

G  cts. 

1st.  Charging    interest    against 
both 

11.84 

8.84 
7.80 
7.80 

12.84 
9.84 
8.80 
8.80 

7 
7 
7 
4 

9 

2d.  Charging  only  operating  ex- 
penses against  Erie 

9 

3d.  Erie   considered    as   a   free 

9 

4th.  Comparing    freight    rates, 
both  free 

6 

remedy  the  last  two  faults,  but  there  must  always  remain  an  important 
difference  in  favor  of  railroad  facilities.  Considering  all  the  circum- 
stances, it  is  scarcely  probable  that  a  private  company  would  dare  under- 
take the  work. 

Considered  as  an  undertaking  by  the  general  government.  If  a  pri- 
vate company  would  not  undertake  it,  should  the  general  government  ? 
But  what  interest,  under  the  Constitution,  has  the  Federal  Government 
in  such  a  project  ?  To  make  it  a  military  highway  ?  In  case  of  war 
with  Great  Britain,  the  policy  of  1812  would  be  better,  to  build  our  lake 
war  vessels  on  the  lakes.  We  should  be  unable  to  spare  even  our  fish- 
ing smacks  from  the  seaboard  for  navigation  on  the  great  waterway. 
Again,  as  a  commercial  enterprise,  the  Federal  Government  would  have 
as  much  constitutional  right  to  undertake  it  as  it  had  to  appropriate 
over  $80  000  000  (in  a  single  year)  for  river,  harbor  and  other  improve- 
ments. The  work  would  probably  be  distinguished  by  the  same  exam- 
ples of  public  and  private  morals  which  marked  the  government's 
connection  with  the   Pacific  roads.     Besides,  it  would  be  difficult  to 
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induce  Congress  to  appropriate  the  necessary  funds  for  a  sectional 
improvement  likely  to  seriously  damage  the  interests  of  several  neigh- 
boring States. 

Considered  as  a  Slate  enterprise.  Should  the  State  undertake  the 
work  it  must  be  as  a  free  canal.  The  last  comparison  of  the  table,  then, 
indicates  what  the  probable  inducement  would  be  to  turn  an  adequate 
tonnage  into  the  new  channel,  a  rate  from  Chicago  to  New  York  of  from 
4  to  6  cents,  instead  of  from  7X\  to  8,a0  cents  per  bushel.  Such  a  reduc- 
tion would,  undoubtedly,  divert  a  very  large  tonnage  to  the  new  canal, 
and  perharjs  quickly  double  the  traffic  between  New  York  and  the  West, 
gathering  it  from  the  railroads  of  other  States,  and  from  the  natural 
increase  due  to  such  cheap  rates.  The  general  benefits  would  be  those 
attending  an  enormous  increase  of  all  branches  of  business.  For  this  the 
people  would  pay  about  $16  000  000  per  annum. 

It  must,  however,  be  considered  that  New  York  has  already  by  far 
the  cheapest  highways  to  the  West,  and  has,  as  a  consequence,  more 
than  one-half  the  trans-continental  trade,  and  fully  one-half  the  foreign 
commerce.  This  pre-eminence  has  never  been  seriously  threatened,  and, 
whether  the  ship  canal  be  built  or  not,  it  will  ever  distinguish  the 
metropolis  of  America;  the  preponderance  of  its  commerce  will,  indeed, 
inevitably  increase.  It  is  to  be  considered,  too,  that  the  present  Erie 
Canal  is  not  pushed  to  one-half  its  full  capacity,  and  that  by  a  moderate 
improvement  of  its  waterway,  locks,  terminal  facilities,  and  a  radical 
alteration  in  its  boats  and  motive  power,  a  large  reduction  in  rates  may 
be  secured.  The  development  of  the  commerce  of  New  York  City  will 
undoubtedly  be  slower  without  than  with  the  ship  canal,  and  the  ques- 
tion remains,  will  it  pay  to  hasten  it  by  an  annual  expenditure  of 
$16  000  000?  If  either  government  is  to  undertake  the  work  let  it  be 
the  one  nearest  the  people  directly  interested.  New  York  State  can  bet- 
ter afford  to  make  her  own  public  improvements  than  to  let  the  general 
government  undertake  them,  for  she  has  poured  millions  into  the  Federal 
treasury  for  such  piloses,  and  received  only  thousands. 

D.  Faerand  Henry,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  if  the 
discussion  on  the  subject  of  water  communication  between  the  West  and 
East  is  to  be  limited  to  the  improvement  of  the  Erie  Canal,  much  that 
can  be  said  as  to  the  best  method  of  cheapening  the  transportation  of 
freight  from  the  West  will  have  to  be  omitted. 


DISCUSSION   ON   ENLARGEMENT   OF    THE   ERIE    CANAL.        113 

For  with  us  the  question  is  not  solely  how  to  best  reach  New  York, 
but  also  how  to  reach  Liverpool.  Formerly,  when  there  were  11  to  12 
feet  over  the  St.  Clair  Flats  and  the  Lime  Kiln  Crossing,  wheat  was 
carried  in  light-draft  vessels  and  propellers,  and  4  cents  per  bushel  was 
considered  the  lowest  figure  at  which  it  could  be  taken  from  Chicago  to 
Buffalo.  But,  with  the  deepening  of  the  above  named  places  to  14  feet, 
a  new  system  was  introduced — that  of  barges — now  generally  consisting 
of  a  steam  barge  and  consort,  the  latter  being  in  tow  of  the  former, 
and  together  carrying  from  100  000  to  150  000  bushels  of  grain,  and  a 
fair  profit  can  be  made  at  2  cents  per  bushel. 

Some  years  ago,  when  the  Welland  Canal  was  first  opened,  with  10 
to  11  feet  over  the  miter  sills,  lake  vessels  went  through  to  Europe,  but 
they  necessarily  were  so  small  and  of  such  light  draft  that  they  never 
paid,  and  the  experiment  has  not  been  tried  since. 

But  were  a  waterway  constructed  to  the  ocean  allowing  a  draft  of 
16  to  18  feet,  then  our  barges  could  go  direct  to  Liverpool,  and  the 
increased  draft  would  double  their  capacity,  so  that  they  would  carry 
from  200  000  to  300  000  bushels,  and  the  cost  of  transportation  from 
Chicago  to  the  seaboard  would  be  but  little  if  any  more  than  it  is  now 
to  Buffalo,  while  if  there  was  no  transfer  there,  the  freight  to  Liverpool 
would  be  very  much  lessened. 

Three  plans  for  accomplishing  this  have  been  proposed  :  1st.  The 
route  from  Chicago  to  the  Mississippi,  by  the  Illinois  River.  2d.  The 
enlargement  of  the  Erie  Canal  ;  and  3d.  The  deepening  of  the  Welland 
Canal,  aud  the  improvement  of  the  St.  Lawrence. 

In  the  first-named  project  the  distance  is,  I  believe,  about  250  miles,  of 
which  only  very  short  reaches  of  the  rivers  are  deep  enough  to  carry  18 
feet,  while  before  the  actual  seaboard  is  reached — beyond  Key  West — 
some  400  miles  of  westing  has  been  made,  and  also  18  degrees  of  south- 
ing which  has  to  be  recovered  in  the  ocean  voyage.  Besides  a  great 
objection  to  the  transportation  of  grain  by  this  route  is  the  danger  of 
heating  in  the  lower  Mississippi  and  the  Gulf,  which  is  a  serious  draw- 
back. I  have  by  me  no  estimates  of  the  cost  of  this  route,  but  it  would 
be  very  large. 

In  the  second  plan  Mr.  Sweet  makes  the  total  distance  375  miles,  of 
which  about  one  third  is  new  canal,  and  the  balance  enlargement  of  the 
old  canal  and  canalization  and  improvement  of  the  Mohawk  and  Hud- 
son Rivers;  and  he  estimates  the  cost  from  125  to  150  millions  of  dollars. 
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This  would  undoubtedly  be  of  great  benefit,  and  the  commerce  of  the 
lakes  "would  be  enormously  increased,  as  during  the  summer  months  the 
railroads  would  carry  but  little  of  the  through  freight,  as  they  could  not 
possibly  compete  with  the  water  transportation,  and  vessels  would  reach 
the  seaboard  in  about  the  same  latitude  as  Chicago. 

But  putting  patriotism  aside,  and  looking  at  the  question  only  from 
a  commercial  and  engineering  standpoint,  is  not  the  third  project  by 
far  the  best  ? 

The  distance  from  Lake  Erie  to  Quebec  is  a  little  over  500  miles, 
or  about  the  same  as  to  New  York.  Of  this  distance,  70£  miles  is 
in  canals,  in  7  stretches,  with  53  locks  of  533  J  feet  aggregate  lift. 
The  Welland  Canal  is  27  miles  long,  and  has  already  been  deepened  to 
14  feet,  and  the  Canadian  Government  is  continuing  the  work  in  the 
other  canals.  Besides  these,  to  deepen  to  18  feet,  perhaps  10  miles  of 
the  River  St.  Lawrence  would  have  to  be  improved.  This  work  ought 
not  to  cost  more  than  20  to  30  million  dollars,  and  in  many  respects 
would  be  much  better  than  a  continuous  canal. 

For  one  thing,  barges  through  the  lakes  and  rivers  make  from  8  to 
9  miles  per  hour,  while  in  a  canal  they  would  probably  be  limited 
to  4  or  5  miles,  which  would  make  tbem  about  3  days  longer  in 
reaching  New  York  by  the  Erie  Canal  than  Quebec  by  the  St.  Lawrence. 
Besides  Quebec  is  6  degrees  north  of  New  York,  so  that  they  would 
be  that  much  further  on  their  way  to  Liverpool.  It  might  seem  that 
being  so  much  further  north  there  would  be  earlier  trouble  from  ice, 
but  Western  New  York  is  nearly  as  cold  as  Montreal,  and  the  St.  Law- 
rence canals  now  close  but  little  if  any  earlier  than  the  Erie. 

Therefore,  it  appears  to  me  that  by  far  the  most  feasible  plan  for  a 
waterway  to  the  coast  is  by  this  northern  route;  and  if  patriotism  sfands 
in  the  way,  why  annex  Canada,  canals  and  all. 

One  link  in  the  chain  I  proposed  some  years  ago,  and  obtained  a  bill 
to  authorize  its  construction  from  the  Canadian  Parliament,  that  vas  a 
Canal  from  Lake  St.  Clair  to  Lake  Erie,  across  a  low  peninsula,  about 
half  marsh  and  the  rest  sand  not  more  that  30  or  40  feet  above  the  lake. 
This  canal,  only  12i  miles  long,  would  cut  off  about  90  miles  of  lake 
and  river  navigation,  part  of  it  through  the  tortuous  and  sometimes 
dangerous  navigation  of  Detroit  River.  But  Detroit  was  no  place  to 
get  capital  for  such  a  project,  and  I  had  to  drop  it.  Had  it  been  done 
at  that  time  the  United   States  Government  might  have  saved  the  half 
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million  they  are  spending  on  the  Lime  Kiln  Crossing,  and  the  railroads 
could  bridge  Detroit  River  without  tronble  from  the  lake  marine.  I 
have  no  doubt,  if  ever  a  direct  waterway  to  the  coast  is  obtained,  this 
canal  will  come  in  as  part  of  the  scheme. 

O.  Chanute,  M.  Am.  Soc.  C.  E. — I  hope  that  the  discussion  of  Mr. 
Sweet's  important  and  valuable  paper  will  thoroughly  cover  the  probable 
practical  operation  of  such  a  waterway  as  he  proposes,  and  the  economy 
likely  to  result  therefrom.  There  are  a  number  of  questions  which  I  do 
not  feel  competent  to  discuss  myself,  but  upon  which  I  would  like  to 
have  the  opinions  of  canal  engineers.     They  are  as  follows: 

1st.  Can  the  enlarged  waterway  be  operated  in  practice  at  the  speed 
which  Mr.  Sweet  seems  to  have  in  mind?  He  proposes  to  construct  an 
artificial  river  100  feet  wide  at  bottom  and  18  feet  deep,  and  he  expects 
the  large  propellers  of  the  lakes  to  pass  through  it,  including  detentions 
at  the  locks,  at  about  half  the  speed  at  which  they  run  between  Chicago  and 
Buffalo.  This,  I  assume,  must  mean  7  or  8  miles  per  hour  while  in  motion. 
The  present  canal,  as  I  understand,  is  52£  feet  wide  at  bottom,  and  is 
navigated  by  boats  averaging  about  17  feet  wide.  Their  proportions  are, 
therefore,  about  J  of  the  bottom  width,  while  the  lake  propellers  are 
about  10  feet  beam,  or  say  i40-  of  the  bottom  width  proposed  by  Mr.  Sweet. 
Is  it  probable  that  the  lake  propellers  being  thus  twice  as  wide  in  pro- 
portion, can  attain  a  greater  speed  than  the  present  steam  canal  boats 
(which  are  said  to  run  5  or  6  miles  per  hour),  without  injury  to  the  banks 
of  the  canal,  or  detriment  to  themselves  and  other  boats? 

2d.  "What  is  to  be  done  with  the  sailing  vessels  and  barges  now  navi- 
gating the  lakes?  If  they  are  to  be  towed  through  the  canal  in  fleets  by 
the  lake  propellers,  will  there  not  be  undue  detention  at  the  locks  ? 
It  is  possible  that  the  sailing  vessels  are  destined  to  be  supplanted  by 
the  propellers,  but  the  barges  are  said  to  be  an  important  factor  in  the 
economy  which  has  been  accomplished  on  the  lakes? 

3d.  What  is  to  be  the  fate  of  the  present  canal  boats  when  forced  into 
close  contact  with  lake  propellers  in  a  narrow  waterway?  If  we  may 
reason  from  what  happens  on  railroads,  when  large  and  small  cars  are 
mixed  together  in  trains,  the  little  ones  will  have  a  hard  time  of  it. 

Should  these  questions  be  deemed  by  canal  engineers  to  present  any 
real  difficulty  of  operation,  the  alternatives  would  be  either  to  reduce  the 
speed,  and  consequently  the  anticipated  economy,    or  to  enlarge  the 
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•waterway  proposed  by  Mr.   Sweet,  and  also  his  estimate  of  125  to  150 
millions  of  dollars. 

As  for  myself  I  have  been  expecting  improvement  from  quite  another 
direction  to  cheapen  transportation  on  canals,  and  to  restore  prosperity 
to  those  of  New  York.  Economy,  as  it  seems  to  me,  consists  in  substitu- 
ting for  animal  power  some  form  of  engine  for  the  propulsion  of  the 
present  canal  boats,  and  thus  accomplishing  for  them  what  Stephenson 
did  for  the  land  carriage,  and  Fulton  for  the  vessel,  by  their  applications 
of  the  steam  engine. 

I  do  not  believe,  however,  that  the  steam  engine  can  be  economically 
applied  upon  canal  boats.  For  such  small  power  as  is  there  required,  it 
is  too  complicated,  and  requires  (including  the  boiler)  too  much  attend- 
ance and  skill,  to  compete  successfully  with  the  two  mules  which  now 
draw  the  boats. 

Practically,  a  steam  engine  of  two  or  five  horse  power,  requires  nearly 
as  expensive  an  engineer  (and  there  cannot  be  less  than  one),  as  an 
engine  of  100  horse  power.  The  risk  of  breakage  is  as  great,  while  the 
waste  of  fuel,  and  difficulty  in  maintaining  a  needed  pressure,  are  greater 
in  small  steam  engines  than  in  large  ones.  There  is  a  point  clearly,  or  a 
certain  amount  of  power  below  which  it  is  not  iDrofitable  to  use  steam 
instead  of  animal  power,  and  that  point,  as  I  believe,  is  reached  when 
we  get  down  to  the  two  or  five  horse  power  required  to  propel  a  canal 
boat. 

It  seems  to  me  that  the  kind  of  engine  required  on  the  latter  is  one 
which  shall  be  absolutely  safe  against  explosion,  is  not  liable  to  break 
down,  that  can  be  started  up  at  five  minutes'  notice,  and  will  stop  con- 
suming fuel  when  the  boat  is  waiting,  either  to  pass  through  a  lock,  or 
for  some  other  cause.  Above  all,  it  should  be  so  simple  as  to  require  no 
greater  skill  to  run  it  than  is  possessed  by  the  present  mule  driver,  or, 
better  still,  be  under  the  control  of  the  steersman,  so  that  he  may  man- 
age it  without  material  interference  with  his  other  duties.  The  latter 
arrangement  would  at  once  dispense  with  two  drivers  and  four  horses 
(night  and  day  shifts),  at  the  cost  of  fuel  and  repairs  required  by  the 
engine.  It  seems  to  me  that  we  have  now  such  machines  nearly  perfected, 
in  some  forms  of  heat  engines  which  have  been  introduced  of  late  years. 
There  is,  for  instance,  a  petroleum  engine  which  is  made  in  Boston  and  in 
New  York,  in  which  the  power  is  obtained  from  the  expansion  in  a 
cylinder  of  a  mixture  of  petroleum  vapor  and  air.     It  is  said  to  cost  no 
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more  for  fuel  when  running  than  a  steam  engine  of  equal  capacity  for 
the  small  sizes  hitherto  made.  It  feeds  itself,  and  therefore  requires  no 
fireman;  it  is  started  and  stopped  by  simply  opening  a  cock,  while  when 
it  does  stop  the  consumption  of  fuel  ceases. 

There  are  also  several  forms  of  gas  engines  (of  which  the  "  Otto  "  is 
the  best  known),  known  to  be  safe,  economical  and  easily  managed.  As 
now  introduced  commercially,  they  possess  the  same  advantages  as  the 
petroleum  engine,  but  they  rely  upon  the  street  main  for  their  supply  of 
gas.  For  use  upon  a  boat  they  would  require  the  addition  of  a  retort  to 
generate  the  gas  as  wanted  by  the  engine,  and  a  number  of  patents  have 
been  taken  out  for  this  purpose.  When  this  is  successfully  done  the  gas 
engine  will  have  a  wider  application  than  the  petroleum  engine,  because 
coal  is  both  cheaper  and  more  widely  distributed  than  petroleum. 

These  various  engines  are  not  yet  perfected.  They  are  probably 
much  in  the  same  stage  of  development  as  was  the  steam  engine  when 
Watt  began  to  experiment  with  it.  I  believe  they  can  be  much  simpli- 
fied in  design,  and  made  almost  secure  against  breakage,  so  that  the 
helmsman  can  manage  them,  and  steer  his  boat  besides,  while  at  the 
same  time  their  fuel  economy  can  be  increased. 

If  this  can  be  done,  a  moderate  expenditure  of  money  for  engine  and 
screw  propellers  adapted  to  the  present  boats  will  materially  cheapen 
canal  transportation,  while  the  speed  may,  perhaps,  be  increased  to  one 
as  great  as  would  be  practicable  with  the  plan  proposed  by  Mr.  Sweet. 

The  difference  between  the  latter  and  my  suggestion  is,  that  while  he 
proposes  an  enlargement  of  the  waterway  to  permit  the  use  of  steam 
engines  of  economical  proportions,  I  have  been  contemplating  the 
introduction  of  a  new  engine  adapted  to  the  present  size  of  the  canal 
and  of  its  boats.  The  question  to  consider  is  whether  the  cost  of  trans- 
ferring at  Buffalo  and  the  lesser  efficiency  of  small  boats,  if  any,  will  be 
less  or  more  than  the  interest  on  the  cost  of  the  great  waterway  pro- 
posed by  Mr.  Sweet. 

I  suggest,  therefore,  that  the  discussion  be  permitted  to  bring  out  the 
views  of  other  engineers  upon  the  practicability  of  applying  some  form 
of  heat  engine  to  the  propulsion  of  canal  boats.  If  the  proposition  be 
deemed  sound,  the  discussion  will  have  the  effect  of  calling  the  attention 
of  inventors  to  the  need  for  such  an  engine,  and  may  lead  to  some  action 
from  the  State,  or  from  private  parties  to  bring  the  matter  to  actual  ex- 
periment and  trial. 
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waterway  proposed  by  Mr.   Sweet,  and  also  his  estimate  of  125  to  150 
millions  of  dollars. 

As  for  myself  I  have  been  expecting  improvement  from  quite  another 
direction  to  cheapen  transportation  on  canals,  and  to  restore  prosperity 
to  those  of  New  York.  Economy,  as  it  seems  to  me,  consists  in  substitu- 
ting for  animal  power  some  form  of  engine  for  the  propulsion  of  the 
present  canal  boats,  and  thus  accomplishing  for  them  what  Stephenson 
did  for  the  land  carriage,  and  Fulton  for  the  vessel,  by  their  applications 
of  the  steam  engine. 

I  do  not  believe,  however,  that  the  steam  engine  can  be  economically 
applied  upon  canal  boats.  For  such  small  power  as  is  there  required,  it 
is  too  complicated,  and  requires  (including  the  boiler)  too  much  attend- 
ance and  skill,  to  compete  successfully  with  the  two  mules  which  now 
draw  the  boats. 

Practically,  a  steam  engine  of  two  or  five  horse  power,  requires  nearly 
as  expensive  an  engineer  (and  there  cannot  be  less  than  one),  as  an 
engine  of  100  horse  power.  The  risk  of  breakage  is  as  great,  while  the 
waste  of  fuel,  and  difficulty  in  maintaining  a  needed  pressure,  are  greater 
in  small  steam  engines  than  in  large  ones.  There  is  a  point  clearly,  or  a 
certain  amount  of  power  below  which  it  is  not  profitable  to  use  steam 
instead  of  animal  power,  and  that  point,  as  I  believe,  is  reached  when 
we  get  down  to  the  two  or  five  horse  power  required  to  propel  a  canal 
boat. 

It  seems  to  me  that  the  kind  of  engine  required  on  the  latter  is  one 
which  shall  be  absolutely  safe  against  explosion,  is  not  liable  to  break 
down,  that  can  be  started  up  at  five  minutes'  notice,  and  will  stop  con- 
suming fuel  when  the  boat  is  waiting,  either  to  pass  through  a  lock,  or 
for  some  other  cause.  Above  all,  it  should  be  so  simple  as  to  require  no 
greater  skill  to  run  it  than  is  possessed  by  the  present  mule  driver,  or, 
better  still,  be  under  the  control  of  the  steersman,  so  that  he  may  man- 
age it  without  material  interference  with  his  other  duties.  The  latter 
arrangement  would  at  once  dispense  with  two  drivers  and  four  horses 
(night  and  clay  shifts),  at  the  cost  of  fuel  and  repairs  required  by  the 
engine.  It  seems  to  me  that  we  have  now  such  machines  nearly  perfected, 
in  some  forms  of  heat  engines  which  have  been  introduced  of  late  years. 
There  is,  for  instance,  a  petroleum  engine  which  is  made  in  Boston  and  in 
New  York,  in  which  the  power  is  obtained  from  the  expansion  in  a 
cylinder  of  a  mixture  of  petroleum  vapor  and  air.     It  is  said  to  cost  no 
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more  for  fuel  when  running  than  a  steam  engine  of  equal  capacity  for 
the  small  sizes  hitherto  made.  It  feeds  itself,  and  therefore  requires  no 
fireman;  it  is  started  and  stopped  by  simply  opening  a  cock,  while  when 
it  does  stop  the  consumption  of  fuel  ceases. 

There  are  also  several  forms  of  gas  engines  (of  which  the  "  Otto  "  is 
the  best  known),  known  to  be  safe,  economical  and  easily  managed.  As 
now  introduced  commercially,  they  possess  tbe  same  advantages  as  the 
petroleum  engine,  but  they  rely  upon  the  street  main  for  their  supply  of 
gas.  For  use  upon  a  boat  they  would  require  the  addition  of  a  retort  to 
generate  the  gas  as  wanted  by  the  engine,  and  a  number  of  patents  have 
been  taken  out  for  this  purpose.  When  this  is  successfully  done  the  gas 
engine  will  have  a  wider  application  than  the  petroleum  engine,  because 
coal  is  both  cheaper  and  more  widely  distributed  than  petroleum. 

These  various  engines  are  not  yet  perfected.  They  are  probably 
much  in  the  same  stage  of  development  as  was  the  steam  engine  when 
Watt  began  to  experiment  with  it.  I  believe  they  can  be  much  simpli- 
fied in  design,  and  made  almost  secure  against  breakage,  so  that  the 
helmsman  can  manage  them,  and  steer  his  boat  besides,  while  at  the 
same  time  their  fuel  economy  can  be  increased. 

If  this  can  be  done,  a  moderate  expenditure  of  money  for  engine  and 
screw  propellers  adapted  to  the  present  boats  will  materially  cheapen 
canal  transportation,  while  the  speed  may,  perhaps,  be  increased  to  one 
as  great  as  would  be  practicable  with  the  plan  proposed  by  Mr.  Sweet. 

The  difference  between  the  latter  and  my  suggestion  is,  that  while  he 
proposes  an  enlargement  of  the  waterway  to  permit  the  use  of  steam 
engines  of  economical  proportions,  I  have  been  contemplating  the 
introduction  of  a  new  engine  adapted  to  the  present  size  of  the  canal 
and  of  its  boats.  The  question  to  consider  is  whether  the  cost  of  trans- 
ferring at  Buffalo  and  the  lesser  efficiency  of  small  boats,  if  any,  will  be 
less  or  more  than  the  interest  on  the  cost  of  the  great  waterway  pro- 
posed by  Mr.  Sweet. 

I  suggest,  therefore,  that  the  discussion  be  permitted  to  bring  out  the 
views  of  other  engineers  upon  the  practicability  of  applying  some  form 
of  heat  engine  to  the  propulsion  of  canal  boats.  If  the  proposition  be 
deemed  sound,  the  discussion  will  have  the  effect  of  calling  the  attention 
of  inventors  to  the  need  for  such  an  engine,  and  may  lead  to  some  action 
from  the  State,  or  from  private  parties  to  bring  the  matter  to  actual  ex- 
periment and  trial. 
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Clemens  Herschel,  M.  Am.  Soc.  C.  E. — In  reply  to  the  request  of 
the  Secretary,  I  desire  to  remark  upon  a  few  points  only,  of  those  which 
this  paper  brings  to  the  mind  of  the  attentive  reader.  One  of  these  is 
the  important  subject  of  the  regulation  of  railroad  freight  rates,  by  the 
encouragement  or  by  the  creation  of  water  competition,  rather  than  by 
a  reliance,  wholly,  upon  the  work  of  railroad  commissioners,  or  upon 
the  successful  enforcement  of  rigid  statutes  designed  to  forbid  excessive 
and  discriminating  freight  rates,  under  pains  and  penalties. 

The  line  of  argument  will  be  this  :  three  methods,  or  I  might  say 
four  methods,  have  been  suggested,  advocated,  tried,  to  control  the 
rates  for  the  transportation  of  freight,  and  to  prevent  discrimination, 
namely  : 

(1.)  Competition  by  other  railroads  ; 

(2.)  Regulation  by  statute  ; 

(3.)  Regulation  by  railroad  commissioners  ; 

(4.)  And  competition  by  water  routes  ; 
and  that  the  most  effective  of  these,  with  the  least  disturbance  to  all 
other  interests,  that  of  existing  railroads  included,  is  regulation  by 
means  of  the  quiet,  healthy  competition,  afforded  by  water  transporta- 
tion. This  will  not  mean  to  exclude  the  benefits  which  may  be  derived 
from  either  of  the  other  three  methods,  but  will  exclude  an  entire  de- 
pendence, or  any  great  reliance,  to  be  placed  upon  either  of  them. 

Competition  by  other  Railroads. — I  imagine  that  the  members  of  the 
Society  will  need  no  instruction  as  to  the  operation  of  this,  at  one  time, 
honestly -advocated  mode  of  relief.  So  long  ago  as  the  times  of  the  elder 
Stevenson,  the  fallacy  of  this  mode  of  regulation  was  exposed  by  him, 
in  the  historic  saying,  that,  ' '  where  combination  is  possible,  competi- 
tion is  impossible."  And  in  truth,  have  we  not  all  seen  that  process 
gone  through  with,  dozens  of  times  since  then — the  construction  of  a 
rival  road,  at  great  sacrifice  to  the  builders  of  the  road  ;  its  opening  for 
traffic  ;  the  cut  in  rates  ;  the  railroad  war  ;  the  exhaustion  following  the 
war  ;  the  combination  of  the  leading  owners  yet  at  the  front  (the  smaller 
and  weaker  owners  having  long  since  fallen  out  of  the  ranks  and  been 
reckoned  among  the  lost,  killed  or  wounded)  ;  the  restoration  of  rates, 
they  being  then  placed,  at  "  what  the  traffic  will  bear  ;"  the  united  front 
now  making  war,  without  declaring  it,  and  foraging  upon  the  public, 
foraging  upon  each  place  all  "it  will  bear  ;"  the  appeal  and  squirming 
of  the  public,  hither  and  thither,  for  relief  of  some  sort  and  from  some- 
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where  ;  Granger  legislation,  more  rival  railroads,  the  cry  for  help,  help  ; 
riots,  arson,  bloodshed.  The  picture  is  horrible  enough  without  going 
further.  Let  it  be  noted,  however,  before  passing,  that  the  expression  : 
"  all  that  the  traffic  will  bear,"  which  is  one  of  the  railroad  man's  own 
making,  sufficiently  indicates  how  ready  these  servants  of  the  public  are, 
in  the  greed  and  thick  of  the  battle  for  superior  existence,  "  to  kill  the 
goose  (in  this  case  the  public)  which  lays  the  golden  egg."  The  form 
of  words  quoted  encourages  them  to  squeeze  her  all  she  will  bear,  and 
how  easy  it  is,  in  such  event,  by  a  trifle  of  excess  of  squeeze  to  squeeze 
the  life  out  of  the  patient  goose,  instead  of  expressing  a  stream  of  golden 
eggs  of  maximum  weight  and  volume,  it  is  not  necessary  to  argue  to  the 
attentive  reader.  Of  all  the  vaunted  methods  of  relief  that  have  been 
or  can  be  suggested,  rival  railroads  are  probably  the  least  efficacious  and 
most  delusive.  In  too  many  cases  the  face  behind  the  mask  is  that  of 
the  shrewd  "professional  projector  of  railroads,"  drawing  his  strength 
and  sinews  of  war  from  more  or  less  deluded  victims,  many  of  whom 
he  will  at  a  later  day  leave  in  the  lurch,  and  share  not  with  them  the 
money  received  for  ceasing  to  pester  the  old-time  established  com- 
petitor. 

Regulation  by  Statute.—  And,  it  might  be  added,  as  such  statutes  are 
controlled  by  constitutional  limitations,  and  are  construed  and  enforced 
by  the  courts.  Freight  transportation  has  been  a  subject  of  legislation, 
to  date,  almost  wholly  by  the  several  States,  though  some  congressional 
action  has  been  taken,  notably  the  act  of  October  1,  1872,  as  to  the 
transportation  of  live  animals,  and  the  "Inter-State  Commerce  Bill"  is 
now  (January,  1885)  under  discussion  at  Washington. 

In  the  Commonwealth  of  Massachusetts,  whose  legislators  have  dis- 
cussed "  the  railroad  problem  "  as  much  as  those  of  any  State,  probably, 
enactments  on  the  matter  of  freight  transportation,  surviving  on  the 
statute  book,  are,  after  all,  but  few  in  number.  Five  sections  cover  it 
all,  with  three  more  governing  the  transportation  of  milk.  Corporations 
must  give  receipts  for  freight,  all  persons  and  corporations  must  receive 
equal  facilities,  merchandise  must  be  forwarded  promptly,  the  "Short 
Haul "  enactment,  and  a  fifth  section  enacting  fines  and  penalties,  which 
many  regard  as  a  needless  section,  these  are  the  five  sections  above  re- 
ferred to. 

I  am  a  believer  in  indirect  legislation,  that  is  to  say,  in  using  the 
powers  of  the  law-giver  for   the  establishment,    mainly,  of   wholesome 
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general  principles,  and  leaving  it  to  methods  other  than  by  enactments, 
to  apply  those  principles  to  the  special  and  multifarious  cases  as  they 
arise  in  the  life  of  the  community. 

As  an  example  of  the  establishment  of  such  a  general  principle  by 
statute,  and  as  an  example  of  one  of  the  wisest  and  most  beneficent 
laws  enacted  with  reference  to  matters  of  freight  transportation,  I  give 
the  Massachusetts  "Short  Haul"  law  in  full,  being  section  190,  Massa- 
chusetts Public  Statutes :  - 

"  No  railroad  corporation  shall  charge  or  receive  for  the  transporta- 
tion of  freight  to  any  station  on  its  road  a  greater  sum  than  is  at  the 
time  charged  or  received  for  the  transportation  of  the  like  class  and 
quantity  of  freight  from  the  same  original  point  of  departure  to  a  station 
at  a  greater  distance  on  its  road  in  the  same  direction.  Two  or  more 
railroad  corporations  whose  roads  connect  shall  not  charge  or  receive  for 
the  transportation  of  freight  to  any  station  on  the  road  of  either  of  them 
a  greater  sum  than  is  at  the  time  charged  or  received  for  the  transporta- 
tion of  the  like  class  and  quantity  of  freight  from  the  same  original 
point  of  departure  to  a  station  at  a  greater  distance  on  the  road  of  either 
of  them  in  the  same  direction.  In  the  construction  of  this  section  the 
sum  charged  or  received  for  the  transportation  of  freight  shall  include 
all  terminal  charges,  and  the  road  of  a  corporation  shall  include  all  the 
road  in  use  by  it,  whether  owned  or  operated  under  a  contract  or 
lease." 

Let  us  examine  this  section  in  detail ;  That  no  greater  sum  be 
charged  for  the  short  haul  than  for  a  longer  haul,  the  law  requires  ;  (1) 
a  like  class  of  freight ;  (2)  a  like  quantity  of  freight ;  (3)  the  same  orig- 
inal point  of  departure  of  the  freight,  whether  destined  for  the  long  or 
for  the  short  haul ;  and  (4)  a  measurement  of  the  hauls  from  this  point 
in  the  same  direction.  Nothing  so  simple  as  this  statute  ;  nothing  more 
eminently  fair  on  the  face  of  it.  And  yet  it  is  constantly  mistaken  or 
misrepresented.  The  common  mode  of  attack  is  to  ignore  the  third 
requirement  of  the  law,  as  above  given,  and  to  launch  out  in  sarcasm  as 
to  requiring  "the  same  rate  per  mile,"  over  a  high  cost  piece  of  road,  as 
over  a  prairie  railroad. 

Let  us  not  be  confused  by  such  attacks,  or  attempts  to  bring  a  wise 
law  into  ridicule,  nor  frightened  out  of  an  advocacy  of  the  short  haul 
principle  by  prognostications  of  a  great  rise  in  through  freights,  claimed 
to  follow  inevitably  the  enactment  of  such  a  law.  Massachusetts  has 
had  the  law  on  her  statute  books  for  ten  years,  the  law  is  obeyed,  it 
gives  satisfaction  to  all  fair-minded  men  ;  it  could  not  be  removed  from 
the  statute  book  if  it  were  tried  to  remove  it.     In  the  absence  of  such 
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law,  railroads  are  protected  in  doing  business  at  a  loss  to  some  points, 
while  engaged  in  an  unreasonable  competition  for  traffic  which  does 
not  naturally  belong  to  them.  To  recoup  themselves  for  such  loss,  the 
absence  of  this  law  permits  them  to,  and  they  do,  tax  and  forage  upon  the 
country  on  the  way  to  the  competing  point.  This  bears  heavily  upon 
such  country;  it  crushes  out  of  existence  small  manufacturing  towns  and 
cities;  it  crushes  out  of  existence  water  routes  at  the  end  of  the  line.  It 
is  in  everyway  detrimental  to  the  interests  of  the  people.  The  short 
haul  law  is  one  of  the  few  enactments  relating  to  freight  transportation 
which  are  good  and  advisable  as  a  regulator  of  freight  rates. 

But  on  general  principles,  the  less  legislation  attempts  in  direct  con- 
trol of  railroads  the  better  for  the  country.  It  invites  a  meddling  with 
the  legislative  functions  by  what  has  been  called  "the  lobby."  It 
brings  upon  the  country  the  evils  inherent  to  the  worst  forms  of  lobby 
activity.  As  a  rule,  it  is,  moreover,  ineffectual,  though  productive  of 
ever  so  loud-mouthed  legislative  thunder.  To  replace  it  in  part,  to 
cause  it  to  be  exercised  less  often,  and  to  give  it  more  strength  at  those 
times  when  it  needs  must  be  exercised,  there  has  been  evolved  the  third 
method  we  have  set  out  to  consider . 

Regulation  by  Railroad  Commissioners. — As  there  are  two  kinds  of 
restraining  legislation,  the  one  directly  forbidding  certain  acts,  under 
pains  and  penalties,  the  other  enacting  certain  general  principles,  in 
themselves  just  and  equitable,  and  in  pursuance  of  which,  the  acts  to  be 
legislated  against,  pass  out  of  existence  ;  so  there  are,  similarly,  two 
kinds  of  Eailroad  Commissioners  ;  the  one  kind  clothed  with  arbitrary 
powers,  authorizing  them  to  enact  rules,  orders  or  regulations,  even  to 
the  fixing  of  prices  for  the  service  of  railroads,  the  other  kind,  an  ad- 
visory board,  one  patient  and  long  suffering,  hearing  complaints,  weigh- 
ing the  rights  and  duties  of  all  concerned,  recommending  courses  of 
procedure,  which  it  is  believed  will  remedy  the  evil  complained  of ;  in 
case  of  unruly  parties,  who  decline  or  neglect  to  be  guided  by  such 
recommendations,  acting  under  the  painful  necessities  of  the  occasion, 
by  reporting  the  facts  to  the  Legislature  and  devising  with  it  a  special 
enactment  to  meet  the  specific  case  in  point.  Such  is  the  Railroad 
Commission  of  the  Commonwealth  of  Massachusetts,  the  efficacy  of 
whose  organization  has  been  shown  by  15  years'  experience.  It  is  a 
focus  for  the  concentration  of  public  opinion,  that  power  hardly  less 
capable  than  that  of  the  Legislature  itself.      And,  as  we  have  seen,  such 
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a  railroad  commission  has  the  power  of  the  Legislature  in  reserve  to 
enforce  all  proi^er  recommendations.  I  will  yield  to  no  one  in  giving 
due  credit  to  the  utility  of  a  properly  organized  and  properly  constituted 
Railroad  Commission.  Nor  do  I  ignore  the  efficacy  of  wise  laws  upon 
the  statute  book.  Nor  the  powers  of  competition,  where  combination  is 
not  possible.  And  it  is  for  the  very  purpose  of  creating  just  such  a 
competition,  which  is  more  powerful,  more  natural,  more  advantageous 
to  the  whole  people,  than  any  other  regulation  of  freight  rates,  that  I 
argue  for  the  construction  and  improvement  of  public  water-ways,  and 
for  what  we  have  called  the  fourth  method  of  regulation. 

Competition  by  Water  Routes. — Many  a  one  has  never  thought  of  the 
distinguishing  and  essential  difference  between  railroad  and  all  other 
kinds  of  freight  transportation  ;  the  one,  that  in  railroads  alone,  the 
owner  of  the  vehicle,  and  at  the  same  time  the  "common  carrier,"  is 
also  the  owner  and  exclusive  occupant  of  the  track.  In  the  early  rail- 
road charters  it  was  contemplated  that  the  railroad  company  should 
furnish  an  improved  track  only,  and  that  the  use  of  such  track  should 
be  open  to  the  public,  upon  payment  of  toll,  following  the  custom  then 
in  vogue  with  respect  to  turnpikes  and  canals.  Of  course,  it  was  soon 
seen  that  such  use  of  the  track  was  incompatible  with  safety  or  regularity 
of  transport,  and  it  was  forever  abandoned .  So  that  the  operation  of  a 
railroad  has  become  a  business  of  such  complexity  as  to  ill  fit  it  for 
operation  by  the  State,  and  State  ownership  of  railroads  will  find  few 
advocates  in  this  country.  But  the  State  ownership  of  a  navigable 
canal,  or  of  a  navigable  river,  is  quite  another  matter.  These  are  in 
effect  but  other  kinds  of  highways,  in  which  the  scows,  tugs  and 
steamers  of  the  public  take  the  place  of  vehicles  and  draught  animals, 
while  an  improved  or  natural  water-way  takes  the  place  of  the  road 
surface,  and  which  may  well  be  as  free  of  toll,  say  some,  as  are  the  high- 
ways of  to-day .  Such  is  certainly  the  tendency  of  modern  times.  Not 
long  ago  the  tax  gatherer  sat  at  the  gates  of  the  cities  of  the  land  and 
took  tribute  on  all  that  passed,  either  in  or  out.  His  familiar  hencoop- 
like domicile  was  a  known  land-mark  along  the  turnpike,  and  at  either 
end  of  the  bridge  that  crossed  the  river.  But  like  tallow-dips,  perruques 
or  snuff  boxes,  all  these  are  passing  away.  The  world  has  outgrown 
these  petty  imposts,  levied  from  step  to  step,  throughout  the  country, 
and  a  free  water-way  for  water-borne  commerce  is  a  work  of  the  civil 
engineer,  to  be  paid  for  by  the  State,  or  by  the  United  States  Govern- 
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rnent,  worthy  of  the  times  we  live  in.  If  not  made  free  from  the  start, 
the  proper  aim  should  certainly  be  to  free  the  same  in  course  of  time. 
It  is  such  a  water-way,  designed  to  hold  and  increase  the  supremacy  of 
the  City  of  New  York  as  the  chief  commercial  market  on  this  continent, 
that  the  paper  of  Mr.  Sweet  sketches  in  rough  outline. 

It  is  not  unreasonable  to  suppose,  on  the  other  hand,  that  such  a 
work  could  be  built  as  a  commercial  undertaking,  and  could  be  made  to 
return  the  proper  interest  on  its  cost  when  once  completed.  But  of 
this  the  present  writer  naturally  knows  nothing.  To  speak  with  any 
conviction  en  such  a  theme  would  demand  a  close  study  of  the  data 
involved. 

It  has  been  remarked  that  the  propriety  of  spending  $150  000  000  to 
give  Western  products  a  water  route  to  the  sea  may  well  be  questioned, 
when  something  like  ^  of  that  sum  has  already  opened  such  a  way,  via 
the  jetties  at  the  mouth  of  the  Mississippi .  But  it  is  extremely  difficult 
to  divert  commerce  from  its  accustomed  channels.  One  might  suppose, 
thinking  of  the  jetty  channels  to  the  sea,  that  the  projected  Hennepin 
Canal,  designed  to  connect  the  Great  Lakes  with  the  upper  Mississippi 
Biver,  was  intended  to  carry  loaded  vessels  from  the  Northern  lakes 
down  past  St.  Louis  to  New  Orleans,  whereas  its  projectors  reckon  on  its 
cheajDening  the  cost  of  transportation  of  the  products  of  the  Northwest 
in  the  opposite  direction,  and  as  it  seeks  the  New  York  Market.  And  it 
is  admittedly,  for  the  purpose  of  holding  the  supremacy  which  the  New 
York  market  now  enjoys,  and  of  keeping  abreast  with  the  demands  of 
the  new  Northwest,  and  of  the  new  West,  that  Mr.  Sweet  has  sketched 
a  new  Erie  Canal ;  probably  not  one  whit  more  in  advance  of  present 
and  immediate  needs  than  were  the  plans  of  DeWitt  Clinton  when  he 
argued  for  the  Erie  Canal  in  1815  or  prior  thereto. 

As  I  set  forth  in  the  beginning,  I  have  spoken  of  the  canal  suggested 
by  Mr.  Sweet  mainly  as  it  would  be  a  regulator  of  freight  rates,  and 
not  as  it  would,  by  its  own  usage,  cheapen  freight  rates.  This  has 
been,  not  because  I  do  not  anticipate  that  such  a  canal  would  carry 
millions  of  tons  at  a  rate  defying  competition,  but  because  without  close 
study  of  available  data,  I  feel  that  I  could  add  nothing  useful  to  this 
part  of  the  discussion.  As  a  regulator  of  freight  rates,  a  canal  may 
exert  a  most  potent  effect,  even  though  (passing  to  the  extremes  of 
argument)  it  did  not  carry  a  pound.  It  would  suffice,  that  it  stood 
ready  to  carry  freight  at  the  same  or  at  a  shade  lower  rates  than  its  more 
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nimble  competitor.  Whence  the  familiar  argument  of  the  uselessness 
of  canals,  based  on  the  annual  returns  of  the  statistician,  which  show 
how  much  more  the  railroads  have  carried  during  the  year  than  did  the 
canal,  becomes  fallacious.  The  Old  World  learnt  the  lesson  some  years 
ago,  and  has  been  very  active  in  the  construction  of  internal  water 
routes.  I  have  no  fear  that  we  will  not  in  due  time  be  equally  awake,  or 
that  -we  shall  willingly  do  without  these  greatest  of  cheapeners  of  raw 
materials  and  of  food  for  the  people. 

J.  Nelson  Ttjbbs,  M.  Am.  Soc.  0.  E.  (by  letter). — I  regret  that  my 
engagements  are  such  as  to  render  it  impossible  for  me  to  contribute  to 
this  discussion  at  this  meeting.  Had  time  permitted,  I  should  have 
presented  objections  to  the  proposed  project  on  these  grounds: 

1st.  The  total  inadequacy  of  the  provisions  for  a  water  supply  on  the 
long  levels. 

2d.  Its  economic  aspect. 

The  evaporation  and  percolation  on  one  of  the  proposed  long  levels 
woiild  reach  such  an  enormous  quantity  as  to  require  very  large  and 
special  devices  to  maintain  navigation  at  all.  From  a  hasty  reading  of 
the  paper,  I  am  satisfied  that  this  element  of  the  problem  has  not  had 
such  a  critical  consideration  as  it  deserves.  Should  the  discussion  be 
continued  at  some  later  peiiod,  I  shall  be  pleased  to  join  in  it. 

T.  C.  Reefer,  M.  Am.  Soc.  C.  E.— I  am  not  prepared  at  all  to  dis- 
cuss this  question  ;  certainly  do  not  wish  to  consider  it  in  any  way  in  its 
strategical  aspect.  I  think  the  rivalry  is  purely  a  commercial  one 
between  Canada  and  the  United  States,  as  regards  carriage  by  water. 
My  own  opinion  is,  according  to  the  statistics  given  in  Mr.  North's 
paper,  that  we  will  soon  require  all  the  lines  of  transportation,  both  by 
water  and  rail.  As  regards  the  St.  Lawrence  River,  I  may  state  that  we 
find  it  is  better  to  keep  the  large  vessels  or  propellers  on  the  Lakes, 
where  they  can  move  faster  and  make  more  trips  in  the  season  of  navi- 
gation. Very  few  descend  below  Kingston,  and  from  there  to  Montreal 
barges  are  used.  The  barges  are  loaded  at  Kingston  from  the  vessel  and 
taken  down  the  river,  and  business  is  done  more  economically  in  this 
way  than  could  be  done  by  taking  the  lake  vessels  down.  These  lake 
vessels  are  too  expensive  craft  to  go  in  the  river  navigation  below  Pres- 
cott,  and,  of  course,  not  large  enough  to  go  through  to  Europe,  and  we 
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cannot  yet  give  them  enough  return  cargo  to  make  their  descent  to 
Montreal  profitable.  The  reason  we  have  done  so  little  business  in  the 
St.  Lawrence,  is  that  we  are  only  now  able,  through  the  dredging  done 
below  Montreal,  to  bring  up  the  largest  class  of  vessels  ;  small  (3  000 
ton)  steamers  could  not  compete  with  New  York.  When  the  Canadian 
Pacific  Railroad  is  completed  through  to  Montreal  we  will  have  another 
large  factor  in  bringing  down  material  to  the  St.  Lawrence  Biver,  to  the 
advantage  of  Montreal.  Ninety  per  cent,  .of  the  tonnage  arriving  at 
Montreal  from  the  sea  is  steam.  Steam  is  more  suitable  to  this  route,  and 
it  also  obviates  the  expensive  towage  system.  The  towage  has  become  so 
expensive  as  to  render  it  intolerable  to  sail  vessels  large  enough  to  com- 
pete with  the  steamers,  so  that  we  are  doing  our  business  nearly  all  in 
ocean  steamers,  and  the  fact  that  Montreal  brings  less  wheat  to  the  sea- 
board than  Boston  or  Baltimore  is  because  it  is  brought  there  only  for 
export.  I  do  not  know  how  much  they  export  from  Boston  and  Balti- 
more, but  as  a  matter  of  fact,  the  number  of  steamship  lines  from  Mon- 
treal to  Europe  are  more  than  those  of  Baltimore,  Boston  and  Philadel- 
phia put  together.  Montreal  stands  next  to  New  York  in  the  number 
of  her  transatlantic  steamship  lines,  and  that  notwithstanding  she  has 
only  six  months  of  the  year  of  navigation,  while  these  other  ports  are 
open  all  the  year  round.  'That  must  be  due  to  her  geographical  posi- 
tion and  to  the  rapidity  with  which  vessels  that  do  come  in  there  are 
loaded.  The  Welland  Canal  is  only  able  to  pass  vessels  with  12  feet 
draught ;  but  all  structures  at  terminal  points  are  for  14  feet,  and  it  is 
only  necessary  to  raise  the  lock  levels  to  give  14  feet  throughout.  The 
Welland  Canal  will  not  pass  the  largest  vessels  on  Lake  Erie,  the  dimen- 
sions of  which  have  been  increased  every  year  since  the  dimensions  of 
its  locks  have  been  fixed  ;  we  can  take  a  propeller  about  255  feet  long, 
over  40  feet  beam,  and  drawing  12  feet  of  water.  The  deepening  of  the 
Welland  and  enlargement  of  the  St.  Lawrence  canals  go  on  very  slowly, 
because  the  commercial  interest  is  not  as  strong  as  the  railway  interest, 
which  at  present  has  taken  all  the  money  we  have  got  to  devote  to  public 
works,  and  the  Government  is  so  deeply  in  with  them  that  it  will  prob- 
ably see  them  through  first.  With  respect  to  Mr.  Sweet's  paper,  my 
opinion  is  that  if  the  canal  he  proposes  is  carried  out,  it  would  effect,  as 
regards  cost  of  transportation,  all  that  he  claims  for  it.  It  would  let  out 
the  lake  vessels  not  only  to  New  York,  but  to  other  ports  on  the  coast 
besides   New  York.      But  a  canal  of  that  size,  which   would   pass  the 
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largest  lake  vessels,  would  also  enable  you  to  do  what  we  are  doing  on 
the  St.  Lawrence  :  use  barges  for  the  New  York  business  from  Buffalo 
to  New  York.  The  larger  the  canal  is  for  the  vessel  that  navigates  it,  the 
more  easily  and  cheaply  it  would  be  navigated;  therefore,  if  you  have  a 
ship  canal  in  which  you  could  run  barges  which  would  not  be  as  large 
and  heavy  and  unwieldy  as  the  propeller,  I  think  the  result  would  be 
that  the  grain  business  for  export  would  be  transferred,  as  it  is  now,  into 
these  barges  at  Buffalo,  and  taken  around  New  York  harbor  in  them  as 
floating  wai'ehouses  to  any  ship  to  be  loaded  there,  and  in  that  way  un- 
loaded at  less  expense.  I  do  not  know  the  exact  manner  in  which  your  grain 
business  is  done  by  railway — to  what  extent  it  remains  in  the  elevators; 
but  we  cannot  afford  to  store  up  an  immense  quantity  of  wheat  during 
our  long  winter  season.  We  find  that  the  grain  that  does  come  by  rail 
to  Montreal  has  to  be  put  in  barges  as  the  cheajDest  way  to  get  it  on 
board  the  steamers.  The  grain  is  taken  out  by  elevators  and  from  them 
turned  into  barges,  and  when  we  get  elevators  such  as  the  Pacific  road 
are  building  now,  it  is  expected  that  barges  will  still  be  required,  be- 
cause these  large  ships  cannot  go  to  the  elevators.  I  don't  know  to  what 
extent  they  do  so  here.  Our  earliest  arrivals  from  sea  in  April  or  May 
will  probably  be  loaded  from  the  elevators  ;  but  after  that  the  grain  will 
keep  the  water  from  Lakes  Michigan  and  Superior  to  Liverpool,  because 
it  can  be  water-borne  from  the  western  lakes  to  Montreal  profitably,  at 
half  the  cost  of  transportation  by  rail. 

Mr.  Simon  Stevens  gave  the  results  of  an  inspection  of  the  Cale- 
donian Canal,  and  stated  that  a  speed  of  from  7  to  13  miles  was  attained 
upon  that  canal.  He  also  described  the  method  of  shore  protection 
there,  which  was  by  large,  rough  quarry  stone,  not  regularly  laid,  but 
pitched  upon  the  bank.  He  also  suggested  the  great  difficulty  in  navi- 
gating, with  long  vessels,  a  canal  whose  curves  were  not  of  extremely 
long  radius. 

Kobekt  L.  Harris,  M.  Am.  Soc.  C.  E. — In  reference  to  what  has 
been  said  as  regards  the  diminishing  ratio  of  freight  carried  by  the 
canal,  one  point  seems  to  me  quite  clear.  The  Erie  Canal  has  been  run 
under  the  State.  It  has  no  soliciting  agents ;  the  railways  have  had 
agents  protecting  their  interests  and  working  against  the  canal.  If  that 
canal  had  been  operated  by  a  company   the  railroads  could  not  have 
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held  their  own  against  it  in  the  matter  of  slow  freight.  Mr.  Chamite's 
paper  speaks  of  using  the  canal  boats  with  some  kind  of  small  engine. 
It  seems  to  me  there  is  weight  in  this.  There  is  one  thing  that  is  patent 
to  every  man,  and  that  is  that  the  present  canal  is  not  worked  anywhere 
near  up  to  its  full  capacity.  With  these  small  engines  it  could  be 
worked  to  nearer  its  full  capacity  than  it  is  at  present.  Mr.  Cbanute's 
idea  seems  to  me  to  be  of  far  more  value  than  one  would  think  it  to  be 
when  compared  with  this  stupendous  scheme. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — I  do  not  believe  that  any 
system  which  requires  the  same  vessel  to  carry  a  cargo  over  lake,  canal, 
river  and  ocean  routes  will  be  an  economical  one.  The  vessel  that  is 
designed  to  carry  freight  economically  from  Liverpool  to  New  York 
City,  Boston  or  Quebec,  would  not  be  adapted  for  the  lake,  river  or 
canal,  or  vice  versa. 

Ocean,  lake,  river  or  canal  are  three  entirely  different  systems  of  na- 
vigation, and  require  for  economy  different  forms  and  sizes  of    vessels. 

Neither  do  I  believe  it  necessary  for  economy  that  freight  should  go 
in  bulk  from  the  extreme  west  of  our  lakes  to  Liverpool  or  other  foreign 
ports. 

With  suitable  provisions  for  transfer,  as  is  largely  done  now  by  lake 
to  railroad  and  railroad  to  ocean  steamer,  I  believe  higher  economy  can 
be  obtained  than  by  the  continuous  voyage  in  one  vessel. 

The  great  difficulty  in  our  canal  is  the  fact  that  it  does  not  have  the 
same  organization  for  obtaining  and  transferring  traffic  that  other  lines 
of  transportation  have  found  to  be  absolutely  necessary. 

F.  Collingwood,  M.  Am.  Soc.  C.  E. — A  prominent  authority  has 
laid  down  the  rule  that  the  most  economical  size  of  vessel  for  a  given 
trade,  is  that  which  has  a  capacity  of  one  ton  for  each  mile  it  has  to  tra- 
verse— so  that  vessels  crossing  the  ocean  should  measure  at  least  3  000 
tons. 

Taking  that  rule,  vessels  navigating  between  New  York  and  Chicago 
or  the  upper  lake  ports,  should  measure  about  1  500  tons;  and  if  the 
depth  of  water  in  the  canal  would  allow,  a  tonnage  greater  than  this 
would,  doubtless,  result  in  increased  economy. 

The  most  desirable  size  for  the  canal  prism  can  only  be  arrived  at 
by  a  careful  comparison  of  the  interest  and  maintenance  account — with 
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the  probable  traffic,  and  the  saving  to  be  effected.  The  width  of  prism 
is  of  quite  as  great  importance  as  the  depth,  as  vexatious  delays  are  sure 
to  occur  in  navigating  large  size  vessels  in  a  narrow  water  way.  I  was 
at  one  time  delayed  two  hours  in  passing  through  the  channel  connect- 
ing Keweenaw  bay  with  Portage  Lake,  in  Michigan.  The  vessel  was 
one  of  the  large  lake  steamers,  and  by  some  error  in  steering,  her  bow 
was  run  into  the  right  bank.  She  was  backed  off  and  the  next  move  ran 
the  stern  into  the  left  bank:  and  this  process  was  repeated  indefinitely 
until  a  tug  came  and  pulled  us  into  position.  I  believe  this  experience 
has  not  been  an  uncommon  one  in  the  Suez  Canal. 

E.  Sweet,  M.  Am.  Soc.  C.  E. — This  discussion  of  the  canal  improve- 
ment, roughly  outlined  by  my  paper,  shows  a  gratifying  interest  on  the 
part  of  members  of  the  Society  in  the  subject,  and  ensures  the  thorough 
consideration  of  its  merits  necessary  to  settle  its  status  as  a  public  ques- 
tion. It  has  presented  some  questions  upon  which  I  desire  to  say  a  few 
words . 

Mr.  Tubbs  expresses  the  opinion  that  the  rate  at  which  it  would  be 
necessary  to  feed  the  canal  from  the  lake  in  order  to  supply  the  lockages 
and  the  waste  from  evaporation,  percolation,  &c,  renders  the  project 
impracticable.  This  is  a  fundamental  objection,  and  if  valid,  is,  of 
course,  fatal  to  the  project.  Experiments  made  in  the  course  of  the 
resurvey  of  the  Erie  Canal  in  1876,  show  the  average  loss  from  evapora- 
tion, filtration  and  leakage  at  structures  in  the  present  canal  to  be  about 
160  cubic  feet  per  mile  per  minute. 

The  enlarged  canal  would  lose  from  evaporation  in  proportion  to  its 
width,  or  2£  times  as  much  as  the  present  canal,  and  would  lose  from 
filtration  and  leakage,  assuming  a  like  quality  of  construction,  as  the 
square  root  of  the  cube  of  its  depth  divided  by  the  like  function  of  the 
present  canal  depth,  or  4.12  times  the  loss  from  these  sources  in  the 
present  canal,  and  we  may  safely  assume  the  entire  waste  in  the  pro- 
posed canal  at  four  times  160  feet,  or  610  feet  per  mile  per  minute. 
The  quantity  of  water  required  for  lockages,  assuming  100  per  day, 
and  the  greatest  lift  25  feet,  would  be  46  900  cubic  feet  per  minute. 
The  problem  of  water  supply,  therefore,  consists  in  providing  this 
amount  of  lockage  water  w7hich  is  constant  throughout  the  canal,  and  to 
provide,  in  addition,  for  the  losses  from  evaporation,  filtration  and  leak- 
age on  the  canal  proper,  from  Buffalo  to  Utica,  from  which  point  to  tide- 
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•water  the  natural  drainage  of  the  Mohawk  River  is  ample  for  all  require- 
ments. The  losses  on  the  233  miles  of  canal,  at  6-40  feet  per  mile,  aggregate 
in  round  numbers,  150  000  cubic  feet  per  minute.  Adding  50  000  cubic 
feet  for  lockages,  we  have  200  000  cubic  feet  per  minute  as  the  quantity 
of  feed  water  required  by  the  improved  canal. 

To  supply  this  feed  in  part,  the  whole  water  supply  of  the  present 
canal  west  of  Utica  is  available.  It  amounts  to  65  000  cubic  feet  per 
minute,  reducing  the  quantity  required  from  Lake  Erie  to  135  000  cubic 
feet  per  minute. 

The  water-way  of  the  proposed  canal  would  have  a  sectional  area  of 
about  2  500  square  feet,  in  which  the  above  quantity  of  feed  water  to  be 
drawn  from  Lake  Erie  would  produce  a  current  of  51  feet  per  minute, 
or  about  W  mile  per  hour.  This  rate  of  current  would  increase  going 
eastward  until  reaching  the  long  central  level  upon  which  the  local 
supply  would  be  nearly  equal  to  the  losses,  and  across  which  the  current 
would  not  exceed  yV  mile  per  hour.  This  current  is  in  the  direction  of 
the  heavy  traffic,  and  would  be  a  benefit  rather  than  a  hindrance  to 
navigation. 

A  very  simple  mathematical  investigation  shows  that  in  a  water-way 
carrying  loaded  boats  in  one  direction,  and  light  or  partly  loaded  boats 
in  the  other,  any  current  in  the  direction  of  the  heavy  traffic  less  than 
the  difference  in  speed  of  the  heavy  and  the  light  boats  lessens  the  time 
of  a  round  trip,  and  therefore  benefits  navigation,  the  greatest  benefit 
being  derived  from  a  current  equal  to  half  the  difference  in  speed 
through  the  water  going  up  and  going  down. 

It  is  therefore  clear  that  on  this  canal  where  so  large  a  disparity  is 
likely  to  exist  between  the  east-bound  and  the  wrest-bound  freights,  no 
hindrance  to  navigation  need  be  feared  on  account  of  the  feed  water 
ciirrent,  and  it  is  probable  that  a  considerable  addition  to  the  feed  nec- 
essary for  lockages  and  waste  would  be  found  needful  to  give  the  most 
beneficial  current  to  aid  navigation. 

I  wish  to  give  a  moment's  consideration  to  the  estimate  of  Mr.  Van 
Buren,  which  proceeds  from  erroneous  premises.  It  assumes  the  cost 
of  the  present  canal  to  have  been  about  $49  000  000,  which  is  50  per  cent. 
more  than  its  actual  cost,  as  shown  by  the  records  of  the  Canal  Depart- 
ment of  the  State.  Those  records  show  that  the  enlargement  of  the 
canal  begun  in  1835,  and  finished  in  1862,  cost  $31  834  000. 

The  original  canal  cost  $7  113  000,  but  in  constructing  the  enlarged 
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canal  the  structures  of  the  old  canal  were  discarded,  and  its  route  was 
almost  as  generally  disregarded  as  the  route  of  the  present  canal  is  by 
that  of  the  proposed  ship  canal.  Its  cost  should  therefore  not  be  con- 
sidered in  estimating  the  cost  of  converting  the  Erie  into  a  ship  canal. 
But  if  we  add  its  whole  cost  to  that  of  the  enlargement,  and  add  all 
the  interest  on  all  the  loans  for  constructing  and  enlarging  this  canal, 
we  shall  need  to  add  a  part  of  their  principal  to  arrive  at  the  sum  as- 
sumed by  Mr.  Van  Buren.  Taking,  however,  the  actual  cost  as  a 
basis,  and  applying  the  principles  he  adopts,  we  arrive  at  an  estimate  of 
$127  000  000,  very  near  the  smallest  sum  named  by  me  as  its  probable 

cost. 

Beside  the  lessening  of  the  interest  charge  due  to  this  important 
modification  of  Mr.  Van  Buren's  estimate  of  cost,  it  is  quite  certain  that 
the  rate  of  interest  would  not  exceed  3  per  cent,  if  the  work  were  up- 
held by  the  credit  of  the  State  or  the  National  Government  ;  applying 
this  rate  instead  of  5  per  cent.,  the  rate  adopted  by  him  in  his  estimate, 
corrected  on  the  basis  of  the  present  canal's  actual  cost,  gives  the  in- 
terest charge  $3  810  000  instead  of  $12  000  000. 

He  also  estimates  maintenance  too  high.  The  maintenance  of  the 
present  canal  costs  about  l£  per  cent,  of  the  cost  of  constructing  it,  and 
upon  this  basis  the  estimate  for  maintenance  should  be  reduced  from 
$4  000  000  to  $1  750  000,  and  thus  we  arrive  at  $5  600  000  for  both  capi- 
tal and  maintenance  charges,  instead  of  $16  000  000.  This  is  less  than 
-x\  mills  per  ton  mile  on  20  000  000  tonnage,  and  little  more  than  -n,  of  a 
mill  per  ton  mile  on  the  tonnage  predicted  by  Mr.  Evans,  the  Nestor  of 
American  engineers. 

Arguments  have  been  made  by  several  gentlemen  in  discussing  this 
question,  favoring  the  adoption  of  the  St.  Lawrence  route  for  the  pro- 
posed ship  canal. 

Apart  from  questions  of  State  and  National  interest,  and  of  the  senti- 
ment of  patriotism,  which  in  themselves,  with  most  of  our  people,  suf- 
fice to  fix  imperatively  the  location  by  the  Hudson  route,  the  proposed 
change  of  location  would  simply  aid  foreign  commerce  and  defeat  the 
chief  object  of  the  improvement,  which  is  to  facilitate  the  vast  domestic 
traffic  between  the  East  and  the  West. 

Its  tonnage  is  now  many  times  that  of  the  foreign  commerce  tribu- 
tary to  either  route,  and  this  disparity  is  sure  to  increase  with  cheapened 
facilities  for  bringing  East  the   grain,  lumber,  ores  and  other  raw  ma- 
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terials  of  the  West,  and  sending  back  heavy  products,  and  it  is  obviously 
a  commerce  not  reached  by  the  St.  Lawrence  route. 

The  discussion  has  brought  out  several  plans  for  increasing  the  effi- 
ciency and  economy  of  the  present  canal. 

Mr.  Chanute's  plan  is  to  make  transit  upon  it  by  the  use  of  automatic 
engines  of  small  power.  Had  we  such  engines  they  would  not  accom- 
plish the  results  Mr.  Chanute  seeks.  They  would  not  realize  any  ap- 
proach to  the  lowest  rate  of  speed  he  mentions — four  miles  per  hour — 
with  the  boats  now  in  use  on  the  canals.  These  boats  when  loaded 
require  40  000  foot  pounds  per  minute,  1-rVtr  horse-power,  to  attain  their 
average  speed  by  animal  propulsion,  14-  miles  per  hour. 

The  horse-power  required  to  run  them  at  a  faster  rate  increases  as 
the  cube  of  increase  in  speed  (because  resistance  to  propulsion  in  water 
varies  as  the  squai*e  of  the  velocity,  and  the  work  varies  as  the  resistance 
multiplied  by  the  velocity).  To  run  them  4  miles  per  hour,  or  3  times 
as  fast  as  the  animal  rate,  If  miles  per  hour,  would  require  1  iVu  H.  P. 
x(3)3,  or  31.7  horse-power,  a  power  to  which  the  engines  suggested  by 
Mr.  Chanute  would  not  be  adapted. 

It  is  the  essential  defect  of  small  canals  that  the  small  boats  which 
can  alone  navigate  them  have  too  large  an  extent  of  immersed  surface 
and  consequent  resistance  for  the  tonnage  they  carry.  Thus  a  2  500  ton 
steamer  has  little  more  than  four  times  the  immersed  area  and  resist- 
ance of  the  largest  boat  of  like  model  capable  of  navigating  the  Erie 
Canal  and  which  would  carry  but  200  tons,  i.  e.,  the  larger  vessel  under 
like  conditions  would  have  but  one-tbird  the  resistance  per  ton  of  the 
smaller  one,  and  would  have  the  further  advantage  of  concentrating 
its  power  in  one  engine,  while  equal  tonnage  on  the  smaller  boats  would 
require  twelve.  It  is  this  principle  that  the  immersed  surface  and  resist- 
ance relatively  decrease  as  the  size  of  the  boat  increases,  which  is  the 
characteristic  feature  of  water  transportation  and  the  principal  reason 
for  the  superior  economy  of  large  vessels. 

Mr.  Chanute  misapprehends  the  relative  proportions  of  the  present 
and  proposed  canal  and  the  size  of  boats  navigating  the  former.  These 
boats  are  17$  feet  wide  and  have  about  one-fourth  the  cross- sectional 
area  of  the  canal  water-way.  The  section  of  a  steamer  40  feet  wide 
would  bear  a  slightly  smaller  ratio  to  the  section  of  the  proposed  canal 
100  feet  wide  at  bottom  with  2  to  1  side  slopes. 

Mr.  Clarke's  proposal  to  keep  the   present  canal   open  through  the 
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winter  can  hardly  be  intended  seriously.  To  keep  open  a  body  of  water 
having  over  six  square  miles  of  surface  radiating  into  space  and  having 
a  continual  influx  and  discharge  of  over  100  000  cubic  feet  of  water  per 
minute  in  a  climate  cold  enough  to  frequently  cover  this  surface  with 
four  inches  of  ice  in  a  day,  requires  an  amount  of  heat  that  can  be  ex- 
pressed in  figures  and  to  which  the  beneficent  processes  of  nature  are 
adequate,  but  which  cannot  be  effected  artifically  without  controlling 
radiation  by  roofing  in  and  enclosing  the  whole  structure.  If  it  were 
enclosed  it  would  take  1  000  horse-power  boiler  capacity,  20  000  super- 
ficial feet  of  steampipe,  and  a  daily  consumption  of  60  tons  of  coal  for 
each  mile  of  the  canal.  As  the  lakes  and  rivers  would  be  closed,  there 
appears  no  adequate  motive  for  such  an  expensive  struggle  against 
climate. 

With  reference  to  Col.  Merrill's  suggestion  that  the  dams  of  the 
Mohawk  should  be  stationary,  it  should  be  considered  that  the  topo- 
graphy of  that  valley  is  characterized  by  wide  areas  of  valuable  flat  lands, 
and  to  preserve  them  from  floods  during  the  period  of  cultivation  it 
would  be  necessary  that  the  crests  of  some  of  the  dams  should  be  adjust- 
able within  moderate  limits,  but  not  that  they  should  be  movable  down 
to  the  level  of  canal  bottom. 

Mr.  Corthell's  argument  in  favor  of  railroads  against  canals  rests,  as 
I  conceive,  upon  two  fallacies  which  brief  consideration  will,  I  think, 
make  clear. 

The  first  is  the  assumption  that  railway  competition  has  produced  the 
low  rates  by  the  water  routes,  and  the  second  the  inference  that  because 
railroads  have  displaced  many  small  canals  constructed  for  local  traffic 
before  the  introduction  of  railroads,  the  latter  in  all  cases  and  circum- 
stances best  answer  all  the  demands  of  transportation. 

As  to  the  reduction  of  rates,  the  beginning  of  the  period  covered  by 
Mr.  Corthell's  generalization  (1857  to  1883)  antedates  the  completion 
of  the  Erie  Canal  enlargement  and  the  principal  improvements  of  lake 
harbors  and  channels.  It  marks  an  early  stage  of  the  development  of 
the  western  country  tributary  to  the  lakes,  made  possible  by  the  canal, 
and  it  covers  the  period  of  inflation  due  to  the  war  and  paper  currency 
and  of  increased  canal  tolls  from  1865  to  1870,  during  which  ten  years 
the  tolls  collected  on  the  Erie  Canal  aggregated  more  than  the  entire 
cost  of  the  enlarged  canal. 

Notwithstanding  the  high  tolls,  both  canal  and  lake  freights,  except 
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during  the  period  of  inflated  values,  1861  to  1866,  gradually  diminished 
with  the  development  of  the  country  and  the  progress  of  the  lake  im- 
provements. That  they  have  been  uniformly  much  less  than  railroad 
rates,  and  that  the  rail  rates  have  uniformly  advanced  from  25  per  cent, 
to  100  per  cent,  the  moment  water  navigation  closed,  shows  clearly 
that  is  not  to  railroads  that  the  low  rates  are  due. 

Mr.  Cortbell's  inference  that  because  railroads  have  displaced  many 
small  canals  depending  on  local  business,  therefore  all  artificial  water- 
ways of  whatever  size  and  however  circumstanced  are  inferior  and  must 
yield  to  railroads,  is  equally  fallacious.  This  inference  ignores  the  nec- 
essary limitations  of  the  two  methods  of  transport. 

The  railroad  is  incomparably  the  most  important  instrument  of  in- 
ternal commerce,  because  at  moderate  cost  it  can  be  run  almost  any- 
where, thus  affording  the  means  of  universal  development,  and  because 
by  the  rapidity  of  movement  that  it  effects  it  becomes  indispensable  for 
the  transport  of  passengers  and  valuable  and  perishable  freight.  It  has, 
however,  limitations  of  capacity  and  economy. 

Experience  shows  that  no  economy  can  be  gained  by  wider  gauge  or 
heavier  rolling  stock  than  is  adapted  to  tracks  of  standard  gauge.  Ca- 
pacity can  be  increased  only  by  more  tracks  and  more  trains.  Increased 
economy  in  rail  transport  can,  therefore,  only  be  looked  for  in  new 
economies  of  railway  construction,  operation  and  maintenance. 

An  inspection  of  the  reports  of  the  New  York  Central  Road,  moving 
the  largest  tonnage  per  mile  over  the  most  feasible  trunk  route  in  the 
country,  shows  that  in  the  present  condition  of  things  the  operating  ex- 
penses, repairs  and  maintenance  charges  applicable  to  freight  amounted 
in  1883  to  6 tV  mills  per  ton  per  mile. 

If  we  deduct  the  entire  cost  of  handling  freight,  agents  and  other 
station  expenses  as  chiefly  chargeable  to  local  freight,  we  have  for  the 
cost  of  transporting  through  freight  5J  mills  per  ton  per  mile  without 
capital  charges,  and  it  may  safely  be  said  that  no  railroad  has  yet  been 
able  to  contribute  anything  to  capital  charges  from  a  5- mills  tariff. 

The  limitations  of  economical  water  carriage  are  quite  different. 
The  economy  of  water  transit  increases  within  wide  limits,  with  the 
size  of  the  vessel  employed,  and  the  capacity  of  artificial  water-ways  in- 
crease nearly  as  the  cube  of  the  depth  of  channel  if  the  width  be  duly 
proportioned. 
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The  contributions  of  Gen.  Poe  and  Mr.  Drake  to  this  discussion  show- 
that  increasing  the  depth  of  lake  channels  and  harbors  from  9£  to  16 
feet,  and  the  use  of  steam  has  reduced  lake  freights  two-thirds,  and  Mr. 
Drake's  statistics  show  that  steamers  carrying  2  500  tons  on  the  lakes 
make  a  profit  at  less  than  J  of  a  mill  per  ton  mile. 

Though  a  canal  is  operated  at  greater  cost  than  an  unlimited  expanse 
of  water,  the  increased  economy  due  to  increased  depth  obviously  rests 
on  the  same  principles  and  applies  equally  to  both.  This  is  shown  by  the 
enlargement  of  the  Erie  Canal,  which  increased  the  capacity  of  boats 
from  40  tons  to  240,  and  reduced  the  cost  of  transport  -fV. 

The  only  conditions  of  success  for  such  a  canal  as  here  proposed,  are 
a  large  volume  of  tributary  freight  and  an  easily  practicable  route,  and 
no  great  canal  has  been  seriously  thought  of  presenting  any  approach  to 
the  volume  of  business  it  offers,  and  few  presenting  so  slight  engineering 
difficulties. 

The  discussions  by  Gen.  Poe  and  by  Mr.  Drake  show,  in  a  strong 
light,  the  increased  volume,  speed  and  economy  of  the  lake  freight 
service  due  to  the  lake  and  harbor  improvements,  which  have  increased 
the  available  draught  through  the  channels  governing  the  loading  of  lake 
vessels  to  14  feet. 

It  is  pertinent  to  this  discussion  to  consider  the  effect  of  securing  on 
the  lakes  16  feet  draught,  which  is  contemplated  in  the  enlarged  canal  I 
have  suggested.  A  typical  lake  steamer,  loaded  to  14  feet  draught, 
carries  about  2  200  tons,  and  loaded  to  16  feet  draught  would  carry  2  700 
tons,  or  500  tons  additional.  Such  a  vessel,  drawing  14  feet,  with 
engines  of  1  000  indicated  horse-power,  can  make  12  miles  per  hour  on 
the  lakes. 

The  resistance  of  vessels  of  like  model  and  like  smoothness  of  sur- 
face, moving  in  an  unlimited  expanse,  as  the  lakes  practically  are,  varies 
as  the  square  of  their  velocity  and  as  the  area  of  their  immersed  surface. 
The  immersed  surface   of  the   vessel  above  described,   when  drawing 

14  feet,  is  about  14  000  square  feet,  and  when  drawing  16  feet  is  about 

15  100  square  feet,  or  less  than  8  per  cent,  more  surface,  which  repre- 
sents the  increased  resistance  and  cost  of  fuel,  for  23  per  cent,  more 
freight  in  the  same  vessel  at  the  same  speed. 

If  1  000  horse-power  be  assumed  as  the  full  indicated  power  of  the 
steamer's  engines,  we  can  readily  determine  the  reduced  speed  due  to 
loading  two  feet  deeper. 
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The  formula  for  motion  of  vessels  in  an  expanse  of  water  is  1?  =  asv'1, 
in  which  R  represents  the  resistance,  s  the  immersed  surface,??  the  velocity, 
and  a  the  constants  for  friction  and  stream  lines,  which  may  obviously 
be  considered  the  same  for  slight  differences  in  draught  of  the  same 
vessel.  Let  v  and  v'  represent  the  speed  at  14  feet  and  16  feet  draught 
respectively,  and  assuming  the  immersed  surfaces  given  above  for  these 
depths,  we  have  ;  for  the  same  resistance  14  000av2  =15  100at>'2,  and 

3^  =  15  10<WXW 


v 
for  the  same  work  or  horse-power  14  000a??2  X-,5_r    =15  100afl'-X 


Or  t>  =  1.028i>'. 

For  v=\2  ;  ©'=11.71. 

That  is,  with  the  same  power  the  vessel  loaded  with  500  additional 
tons  would  be  retarded  less  than  3  per  cent,  in  speed,  or  lose  less  than 
two  hours  in  the  voyage  from  Chicago  to  Buffalo. 

Thus,  the  same  vessels  with  the  same  crews,  if  the  channels  governing 
the  draught  of  lake  vessels  be  deepened  2  feet,  will  carry  23  per  cent, 
more  freight  without  material  increase  of  cost  or  loss  of  time. 

Another  important  consideration  is  the  speed  attainable  or  permissi- 
ble in  the  navigation  of  the  proposed  canal.  The  speed  theoretically 
attainable  may  be  determined  by  formula  for  the  resistance  of  vessels  in 
narrow  channels  deduced  from  the  experiments  reported  and  discussed 
in  my  paper  on  the  subject  published  in  No.  189  of  the  Transactions  of 
the  Society. 

The  formula  for  resistance  to  propulsion  in  a  narrow  channel  for  a 
vessel  whose   co-efficients  of  resistance  in   an  expanse  are  known,  is 

R  =  —         r,  -  >  in  which  R  represents  resistance,  v  velocity  in  miles 

per  hour,  s  immersed  surface  of  vessel,  r  the  ratio  of  the  cross  section 
of  the  channel  to  the  immersed  section  of  the  vessel,  and  a  the  co  effi- 
cient of  resistance  for  the  type  of  vessel  considered. 

Assuming  the  same  vessel  as  above  described  with  a  maximum  en- 
gine capacity  of  1  000  horse-power,  producing  in  an  expanse  a  speed  of 
12  miles  per  hour,  if  the  efficiency  of  the  engines  be  taken  at  65  per 
cent.,  the  value  of  a  is  0.145.  The  ratio  of  the  proposed  channel  to  the 
immersed  section  of  the  vessel  r  is  about  4.20,  and  as  the  immersed  sur- 
face s  is  15  000  square  feet,  the  formula  for  resistance  in  this  case  be- 
comes : 

_,       (0.145b2)  15  000 

*  =  ~         3.6        -' 
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As  the  available  efficiency  of  the  engines  is  650  horse-power,  and  as 

the  horse-power  required  to  overcome  the  resistance  E  at  the  velocity  v 

v 
in  miles  per  hour  is  R  ,  we  have  for  the  greatest  attainable  speed 

in  this  case  : 

(0145tO_  15  00Q  x      v      =650      rjJ  =  74  miles         hour 
o.b  o75 

I  think,  however,  that  5  miles  per  hour,  requiring  little  more  than 
one-third  the  full  efficiency  of  the  vessel's  engines  is  as  high  a  rate  of 
speed  as  would  be  permissible  in  the  narrow  channel  of  the  canal. 
That  is  found  to  be  the  proper  rate  in  the  present  canal  for  steam- 
ers whose  size  bears  a  like  relation  to  the  size  of  the  water-way,  and  is 
generally  adopted  on  large  canals  as  the  maximum  rate. 

That  such  a  rate  is  not  realized  in  the  Suez  Canal  is  due  to  obvious 
reasons  :  The  section  of  its  water-way  is  little  more  than  twice  that  of 
the  larger  vessels  navigating  it,  its  sandy  slopes  are  entirely  unprotected 
and  are  constantly  wrashed  into  the  channel  by  displacement  waves,  and 
the  tidal  currents  at  the  Suez  end  are  a  source  of  serious  delays. 

The  portion  of  this  canal  having  a  narrow,  artificial  channel  extends 
from  Buffalo  to  Utica,  about  230  miles,  and  at  5  miles  j)er  hour  it  would 
require  46  hours'  running  time,  and  allowing  twenty  minutes  detention 
at  each  of  the  eight  locks  to  be  passed,  the  trip  over  this  section  would 
require  49  hours.  From  Utica  to  New  York,  about  260  miles,  the  larger 
water-way  afforded  by  the  Mohawk  and  Hudson  Rivers  would  permit  an 
average  running  rate  of  10  miles  per  hour,  requiring  26  hours,  which, 
with  an  allowance  of  10  hours'  detention  at  the  locks  of  the  Mohawk, 
would  make  the  duration  of  the  voyage  from  Buffalo  to  New  York  85 
hours.  The  effect  of  this  improvement  would  be  to  extend  an  arm  of 
the  sea  nearly  to  the  centre  of  population  of  the  whole  country. 

It  would  overcome  the  fatal  difficulty  heretofore  besetting  the  water 
route  due  to  the  delay  and  cost  of  breaking  cargo  in  transit,  as  it  would 
enable  continuous  voyages  to  be  made  from  all  lake  ports  to  the  sea  at  an 
actual  cost  for  transportation  not  exceeding  -p0-  of  a  cent  per  ton  per  mile. 
Upon  this  line  of  transportation,  affording  the  simplest  possible  facil- 
ities for  collecting  and  distributing  the  raw  materials  and  products  of 
manufacture,  population  would  naturally  concentrate. 

There  is  no  part  of  the  world  where  so  favorable  conditions  exist  for 
the  heavier  kinds  of  manufacture  as   would  be  here  presented,  on  ac- 
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count  of  tlie  unequalled  cheapness  of  food  supplies,  cheapness  of  raw 
materials,  and  the  cheap  and  ready  means  of  reach.'.ng  all  markets  at 
home  and  abroad.  These  conditions  furnish  the  necessary  elements  to 
ensure  the  rapid  growth  and  continued  ju-osperity  of  the  manufacturing 
and  commercial  towns  already  so  numerous  along  this  national  artery 
of  commerce. 

I  think  it  may  safely  be  predicted  that  railroads  are  now  giving  us 
the  lowest  rates  of  transportation  for  the  class  of  business  to  which 
water  carriage  is  suited  that  can  for  a  long  time  be  expected  from  them, 
as  their  fierce  rivalries  have  induced  rates  below  cost,  at  a  time  when 
extremely  low  prices  prevailed  for  everything  entering  into  the  cost  of 
their  maintenance  and  operation. 

The  future  prosperity  of  the  railroads  depends  on  the  continued 
growth  of  population  and  business  activity  in  the  country,  for  it  is  this 
development  which  will  ensure  the  growth  of  the  class  of  business  which 
they  alone  can  do,  and  upon  which  their  profits  are  made.  It  is  by  this 
influence  upon  the  general  development  of  the  country  that  this  im- 
provement would  benefit  the  railroads  as  much  as  any  industrial  interest 
of  the  country. 

John  D.  Van  Buben,  Jr.,  M.  Am.  Soc.  C.  E  —Mr.  Sweet  declares  my 
estimate  of  the  probable  cost  of  the  proposed  ship  canal,  "  proceeds 
from  erroneous  premises  "  in  assuming  the  cost  of  the  present  canal  to 
be  about  $19  000  000,  and  further  says  "the  records  show  that  the  en- 
largement of  the  canal,  begun  in  1835  and  finished  in  1862,  cost  $31- 
834  000.  Proceeding  by  methods  similar  to  those  adopted  by  me,  he 
estimates  the  probable  cost  of  the  proposed  work  to  be  $127  000  000,  in 
place  of  $210  000  000.  This  difference,  or  error,  of  $113  000  000  is  per- 
haps not  greater  than  the  usual  discrepancies  between  the  estimates  of 
advocates  of  such  enterprises  and  the  actual  cost  of  the  works  ;  but  it  is 
important  to  make  the  correction  now  if  possible. 

Now,  any  one  familiar  with  the  history  of  the  Erie  enlargement 
knows  that,  notwithstanding  the  fact  that  the  Legislature  of  1862  declared 
the  canals  completed,  they  were  not  then  completed.  This  was  espe- 
cially true  of  the  Erie  Canal.  In  1863  there  remained  (on  the  Erie)  13 
locks  to  be  built  (doubled),  the  last  one  finished  in  1871;  75  miles  of 
slope  wall  benches  to  be  excavated  and  slope  wall  to  be  extended  to  the 
bottom,  numerous  bridge  abutments  and  bridges  to  be  built,  very  ex- 
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tensive  and  expensive  improvements  to  be  made  in  the  harbor  and  City 
of  Buffalo,  at  Troy  and  Albany,  &c,  in  order  to  bring  the  canal  to  a 
state  of  completion,  affording  its  present  facilities  (Reports  of  State 
Engineer,  1863  to  1876).  For  this  work  of  completion  there  were  ex- 
pended up  to  1876,  nearly  $9  000  000,  under  the  heads  of  enlargement 
of  the  canals,  "extraordinary  repairs,"  and  other  accounts.  The  cost 
of  the  Erie  Canal  up  to  1876  is  shown  by  the  following  figures,  taken 
from  the  official  reports  : 

*Cost  of  original  canal,  exclusive  of  interest $7  143  789  86 

j-Cost  of  "  enlargement,"  exclusive  of  interest 33  609  760  60 

jCost  of   completing    enlargement    "extraordinary  re- 
pairs," &c 8  407  436  47 

$49  160  986  93 

^Interest  during  construction,  original  canal 1  883  666  14 

-jTnterest  during  construction,  enlargement 8  245  227  87 

Total $59  289  880  94 


When  I  assumed  the  cost  of  the  present  canal  to  be  about  $49  000  000, 
I  meant  the  completed  canal,  not  the  unfinished  work  of  1862,  which 
was  a  very  different  affair.  This  sum  is  the  amount  charged  to  con- 
struction account  by  the  auditor,  and  represents  the  outlay  by  the 
State  in  building  this  canal.  In  placing  the  cost  of  the  structures  of 
the  Erie  Canal  at  $16  000  000,  an  itemized  table  (the  only  one  available) 
was  followed,  giving  the  cost  up  to  1862.  Since  that  date  several  mil- 
lions have  been  expended  for  structures  in  completing  the  enlargement ; 
indeed,  the  greater  portion  of  the  sum  charged  to  construction  account 
since  that  date  has  been  for  such  structures. 

The  cost  of  the  original  canal  has  not  been  deducted,  because,  1st, 

*  State  Engineer,  1863,  p.  189  :  Figures  furnished  by  Comptroller. 

t  Auditor's  Financial  Keport,  1879,  pp.  70,  71 :  MisceUaneous  items  are  debited  and 
credited,  and  interest  on  deposits  and  investments  credited  to  interest  account. 

t  State  Engineer,  1876  :  Construction  Account  of  the  Erie  Canal,  as  stated  by  the  Auditor, 
amounted  to  $49  160  986.93. 

§  Committee  of  Legislation,  1833,  quoted  by  State  Engineer,  1863,  p.  137:  Total  cost,  in- 
clmling  interest,  is  given  as  $9  027  456.  See,  also,  Auditor's  Financial  Report,  1879,  Table 
80,  which  shows  that  up  to  1827  the  interest  on  loans  for  Erie  and  Champlain  Canals 
amounted  to  $1  931  808.93,  most  of  this  being  chargeable  to  the  Erie. 

Note.— It  will  be  observed  that  no  interest  is  charged  on  the  amount  $8  407  436.47,  a 
very  considerable  item.  It  would  be  difficult  to  estimate  it  from  the  reports,  and  as  it  does 
not  affect  the  estimated  cost  of  the  proposed  work,  it  is  unnecessary  to  do  so. 
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much  of  the  work  and  material  of  the  old  was  used  in  the  new  canal  ; 
2d,  the  old  canal  was  used  as  a  route  of  transportation  for  material,  and 
so  cheapened  the  new  work  ;  3d,  the  cost  of  the  abandoned  work  rep- 
resents so  much  loss  or  capital  sunk,  to  be  charged  to  the  construction 
account  of  the  enlargement ;  and  a  similar  loss  would  result,  but  four  or 
five  times  greater,  by  abandoning  the  present  for  the  proposed  work.  If 
an  owner  pulls  down  an  old  house  which  cost  him  $20  000,  and  erects 
one  for  $80  000,  the  capital  invested  is  $100  000,  less  the  value  of  the  old 
material.  This  rule  applies  to  public  works  as  well,  and  to  railroads. 
For  these  reasons  I  think  my  estimate  a  fair  one — quite  enthusiastic 
enough  for  safety. 

Mr.  Sweet's  statement  of  the  cost  of  the  present  Erie  Canal, 
$31  831  000,  is  over  $10  000  000  below  the  true  figures,  even  when  the 
cost  of  the  original  canal  is  omitted.  Had  his  attention  been  confined 
to  the  same  canal  when  assuming  his  basis,  and  following  my  methods, 
he  would  have  arrived  at  about  my  figures,  $210  000  000. 

As  to  the  interest  charges  during  construction  it  must  be  considered 
that  the  cost  of  financial  management,  an  important  item,  is  covered  by 
the  rate  adopted,  5  per  cent. ,  and  the  State  would  undoubtedly  experi- 
ence greater  difficulty  in  floating  a  loan  when  loaded  with  a  heavy  debt. 

I  cannot  agree  with  Mr.  Sweet  in  placing  the  cost  of  operating  as 
low  as  $1  750  000.  It  is  difficult  to  see  how  a  canal,  in  our  latitude,  350 
miles  long,  with  numerous  expensive  locks  and  aqueducts,  could  be 
operated  for  a  less  sum  than  is  required  to  operate  the  Suez  Canal,  which 
is  only  one-third  as  long,  has  no  such  expensive  structures,  and  is  lo- 
cated in  a  country  where  labor  is  so  cheap. 

Mr.  E.  Sweet,  M.  Am.  Soc.  C.  E.— Mr.  Van  Buren's  supplementary 
statement  in  defense  of  his  estimate  based  on  the  cost  of  the  enlarged 
Erie  Canal,  appears  to  me  peculiarly  vulnerable. 

The  amount  I  stated  as  the  cost  of  the  enlarged  canal,  $31  831  000, 
includes  the  estimated  cost  of  completion,  as  well  as  the  total  sum 
expended  to  18G2,  and  is,  I  think,  the  fairest  statement  attainable  of  its 
legitimate  cost. 

No  one  should  know  better  than  Mr.  Van  Buren  that  the  vast  sums 
expended  under  the  pretext  of  improving  this  canal  during  the  period 
from  1862  to  1875,  when  enormous  revenues  were  being  derived  from 
tolls,  were  for  the  most  part  a  waste  of  the  public  money,  as   is   shown 
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by  the  results  of  the  investigation  of  1875  by  a  commission,  of  which 
he  was  a  member.  It  is  obviously  incorrect  to  include  these  sums 
wasted  in  useless  jobs  in  arriving  at  a  proper  basis  for  computing  the 
probable  cost  of  the  new  canal.  For  equally  obvious  reasons  the  cost 
of  the  old  canal  should  be  excluded  from  such  a  basis. 

To  use  Mr.  Van  Buren's  illustration,  if  an  owner  wishes  to  replace  a 
building  with  a  larger  one,  and  uses  the  cost  of  t  the  old  building  to  de- 
termine what  he  will  probably  expend  on  the  new  one,  he  would  not 
add  also  the  cost  of  some  structure  that  may  have  existed  on  the  same 
lot  before  the  one  taken  as  his  basis  of  computation. 

Of  course  both  these  items  of  cost  must  be  considered  in  determin- 
ing what  the  State  has  spent  on  her  canals,  but  both  are  clearly  foreign 
to  the  estimate  in  question.  The  suggestion  that  the  sum  required  for 
this  work  is  so  large  as  to  probably  affect  the  public  credit  and  raise  the 
rate  of  interest,  I  think,  hardly  merits  consideration. 

As  to  the  probable  cost  of  maintenance,  I  can  conceive  of  no  safer 
basis  than  the  maintenance  of  the  present  canal.  The  Suez  Canal,  with 
its  continually  shifting  sands,  requiring  constant  dredging,  certainly 
affords  no  criterion  for  such  an  estimate. 
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RECORD  OF  TESTS   OF  CEMENT  MADE  FOR  BOS- 
TON MAIN  DRAINAGE  WORKS,  1S7S-1884. 


By  Eliot  C.   Clabke,  M.  Am.   Soc.  C.  E. 
Presented  Apkil  15th,  1885. 


The  construction  of  a  system  of  intercepting  and  outfall  sewers  for 
the  city  of  Boston,  Mass.,  was  begun  in  the  fall  of  1877.  The  works 
required  to  complete  the  system  included  about  17  miles  of  large  sewers, 
a  pumping  station  and  a  reservoir.  The  principal  materials  entering 
into  these  structures  were  brick,  stone  and  concrete  masonry.  About 
180  000  barrels  of  cement  were  required  to  build  this  masonry,  and  to 
insure  its  stability  and  durability  it  was  necessary  that  the  cement  should 
be  of  good  quality.  From  the  start,  therefore,  means  for  determining 
the  qualities  of  all  cements  used  or  offered  for  use  were  provided.  A 
room  was  set  apart  for  these  operations  and  an  inspector  appointed  to 
conduct  them. 

The  tests  were  devised,  principally,  in  order  to  determine  three 
points,  namely  : 
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1.  The  relative  strength  and  value  of  any  cement  as  compared  with 
the  average  strength  and  value  of  the  best  quality  of  similar  kinds  of 
cements. 

2.  The  absolute  and  comparative  strength  and  value  of  mortars  of 
different  kinds  made  from  the  same  cement. 

3.  The  effect  produced  upon  the  strength  of  any  cement  mortar  by 
different  conditions  and  methods  of  treatment. 

This  knowledge  was  chiefly  sought  by  observations  of  the  tensile 
strength  of  the  cements  and  mortars  tested.  Beasons  for  adopting  the 
tensile  test  were  that  it  required  comparatively  light  strains  to  jjroduce 
rupture  ;  that,  as  it  was  universally  used,  it  afforded  results  which  could 
be  compared  with  those  of  other  observers,  and,  finally,  because  the 
tensile  stress  is  precisely  that  by  which  the  mortar  of  masonry,  in  most 
cases  of  failure,  actually  is  broken. 

All  the  particles  of  any  cement  are  of  appreciable  size,  and  its 
strength  as  a  mortar  depends  on  the  extent  to  which  the  particles  ad- 
here, at  their  points  of  contact,  to  each  other  or  to  some  inert  substance. 
This  adherence  may  be  overcome  and  the  mortar  broken,  either  by 
pulling  the  particles  apart  by  tension  or  by  pushing  them  past  each 
other  by  compression.  The  effect  upon  the  adhering  quality  of  the 
particles  is  not  very  different  in  the  two  operations,  but  in  the  latter  the 
friction  of  the  particles  against  each  other  must  also  be  overcome,  which 
requires  the  application  of  very  much  more  force.  Transverse  tests  are 
only  tensile  tests  differently  applied,  and  shearing  produces  a  stress  in- 
termediate to  tension  and  compression.  When  masonry  is  strained,  one 
part  of  it  is  in  tension  another  in  compression,  and,  as  mortar  yields 
more  readily  to  tensile  stress,  failure  generally  occurs  by  rupture  of  the 
joints  in  tension. 

Briquettes  for  testing,  with  a  breaking  section  of  one  square  inch, 
were  first  used,  but  it  was  thought  that  these,  from  their  small  size,  were 
liable  to  be  strained  and  injured  by  handling  in  taking  them  from  the 
moulds  and  transferring  them  to  the  water.  A  larger  pattern  with  a 
breaking  section  one  and  one-half  inches  square  or  two  and  one-quarter 
square  inches  was  finally  adopted.  Comparative  tests  with  briquettes 
of  one  inch  and  two  and  one-quarter  inches  section  respectively  indicated 
that  there  was  little,  if  any,  difference  in  their  strength  per  square 
inch. 

The  shape  of  the  briquette  adoptad  is  shown  by  Fig.  2,  Plate  II. 
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Fig.  1  of  the  same  plate  shows  the  brass  moulds  in  which  the  mortar  was 
packed  to  form  the  briquettes.  These  moulds  proved  very  satisfactory. 
They  were  strong,  and  easily  clamped  and  opened.  The  clamp  consisted 
of  a  piece  of  brass  wire  riveted  loose  in  the  projecting  lug  of  one  branch 
of  the  mould,  and  binding  by  friction  when  turned  against  the  wedge- 
shaped  lug  on  the  other  branch.  If  a  fastening  worked  loose,  a  single 
tap  of  the  hammer  would  tighten  it.  All  breaking  loads  were  reduced 
to  pounds  per  square  inch  of  breaking  section  by  multiplying  by  four 
and  dividing  by  nine. 

Before  testing  a  cement  its  color  was  first  observed.  The  absolute 
color  of  a  natural  cement  indicates  little,  since  it  varies  so  much  in  this 
particular.  But  for  any  given  kind,  variations  in  shade  may  indicate 
differences  in  the  character  of  the  rock  or  in  the  degree  of  burning. 
With  Bosendale  cements  a  light  color  generally  indicated  an  inferior  or 
under-burned  rock.  An  undue  proportion  of  under-burned  material  was 
indicated  in  the  case  of  Portland  cement  by  a  yellowish  shade,  and  a 
marked  difference  between  the  color  of  the  hard-burned,  unground  par- 
ticles retained  by  a  fine  sieve  and  the  finer  cement  which  passed  through 
the  sieve. 

The  weight  per  cubic  foot  was  also  sometimes  ascertained.  As  this 
would  vary  with  the  density  of  packing,  a  standard  for  comparison  was 
adopted,  which  was  the  density  with  which  the  cement  would  pack  it- 
self by  an  average  free  fall  of  three  feet.  The  apparatus  used  is  shown 
by  Fig.  3,  Plate  II.  The  cement  was  placed  in  a  coarse  sieve  on  the 
top  of  a  galvanized  iron  tube,  and,  the  sieve  being  shaken,  the  cement 
sifted  through  the  tube  into  the  box  below.  This  box  held  exactly  one- 
tenth  of  a  cubic  foot  when  struck  level  with  its  top. 

The  weights  per  cubic  foot  as  determined  by  this  method  varied  con- 
siderably with  different  kinds  and  brands  of  cement,  and  somewhat  with 
different  samples  of  the  same  brand.     The  averages  were  as  follows  : 

TABLE  No.  1. 

Kosendale 49     to  56  pounds. 

LimeofTeil 50 

Roman 54        " 

A  fine-ground  French  Portland 69         " 

English  and  German  Portlands 77 . 5  to  87         " 

An  American  Portland 95        " 
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The  following  table  shows  the  effect  of  fine  grinding  upon  the  weight 
of  cement.  It  gives  the  weight  per  cubic  foot  of  the  same  German 
Portland  cement  containing  different  percentages  of  coarse  particles  as 
determined  by  sifting  through  the  No.  120  sieve  : 

TABLE  No.  2. 

0  per  cent,  retained  by  No.  120  sieve — Wt  per  cubic  foot. . .  75   pounds. 

10         "  "  "  "  "  79         " 

20         "  "  "  "  "  82         " 

30         "  "  "  "  "  86        " 

40        ««  •<  <<  •<  "  90        " 

It  was  soon  discovered  that  there  was  no  direct  ratio  between  weight 
and  strength.  As  a  general  rule,  subject  to  exceptions,  heavy  cement, 
if  thoroughly  burned  and  fine-ground,  was  preferred  to  light  cement. 
Fine-ground  cements  were  lighter  than  coarse-ground,  and  under-burned 
rock  lighter  than  well  burned.  While  color  and  weight  by  themselves 
indicated  little,  yet  considered  together  and  also  in  connection  with  fine- 
ness, they  enabled  the  inspector  to  guess  at  the  character  of  a  cement 
and  suggested  reasons  for  high  or  low  breaking .  A  cement  which  was 
light  in  color  and  weight,  and  also  coarse-ground,  would  be  viewed  with 
suspicion. 

The  test  of  fineness,  which  followed,  was  considered  of  great  import- 
ance, as  showing  the  quantity  of  actual  cement  contained  in  a  barrel, 
and  its  consequent  value.  Small  scales  were  used,  made  for  this  pur- 
pose by  Fairbanks  &  Co.  One-quarter  of  a  pound  of  the  sample  was 
weighed  out  and  passed  through  the  sieve.  The  coarse  particles  retained 
by  the  sieve  were  returned  to  the  scales,  whose  balance  beam  carried 
a  movable  weight  and  was  graduated  in  percentages  of  one-quarter 
pound.  The  percentage  of  coarse  particles  retained  by  the  sieve  could 
thus  be  read  directly  from  the  beam. 

Standard  sieves,  varying  from  No.  50  to  No.  120,  were  used.  The 
number  of  meshes  to  the  lineal  inch  in  any  sieve  is  commonly  supposed 
to  correspond  with  its  trade  number.  As  sold,  however,  they  vary  some- 
what, and  the  number  of  wires  is  generally  less,  by  about  ten  per  cent., 
than  the  number  of  the  sieve.  A  No.  50  sieve  commonly  has  about  45 
meshes  to  the  inch  and  a  No.  120  about  100,  or  a  few  more.  In  import- 
ant contracts,  where  a  certain  degree  of  fineness  was  called  for,  it  was 
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customary  carefully  to  compare  two  sieves  and  retain  one,  which  was 
specified  as  the  standard,  while  the  other  was  delivered  to  the  manufac- 
turer for  his  guidance. 

In  accordance  with  common  practice,  the  No.  50  sieve  was  first  used. 
It  was  soon  discovered,  however,  that  so  coarse  a  sieve  did  not  always 
give  a  correct  indication  of  the  fineness  of  the  cement.  This  was 
especially  true  of  Portland  cements.  Some  brands,  chiefly  German, 
were  evidently  bolted  by  the  manufacturers  with  special  reference  to 
tests  by  this  sieve,  in  which  they  would  leave  no  residuum.  Yet  the 
bulk  of  such  cements,  while  containing  no  very  coarse  particles,  might 
prove  quite  coarse  when  tested  by  the  No.  120  sieve. 

It  is  obvious  that  pieces  of  burned  cement  slag  J  of  an  inch  in 
diameter  would  have  no  cementing  quality,  and  the  same  is  true  of 
particles  tu  o  of  an  inch  in  diameter.  At  precisely  what  smaller  size  the 
particles  begin  to  act  as  cement  it  was  impossible  to  determine.  Those 
retained  by  a  No.  120  sieve,  in  which  the  open  meshes  are  approximately 
tj^u  of  an  inch  square,  were  found  to  have  some  slight  coherence,  even 
after  washing  to  remove  the  finer  floury  cement  which  was  sticking  to 
them.  It  was  also  found  that  the  No.  120  sieve  was  about  as  fine  a  one 
as  it  was  practicable  to  use,  on  account  of  the  time  required  to  sift  the 
cement  through  it.     It  was,  therefore,  adopted  as  a  standard. 

Assuming  (what  was  only  approximately  verified  by  experiments  on 
tensile  strength)  that  only  what  passed  through  this  sieve  bad  real  value 
as  cement,  and  that  the  rest  was  not  very  different  from  good  sharp  sand, 
the  difference  in  the  quantity  of  actual  cement  obtained  in  purchasing 
barrels  60  and  90  per  cent,  fine,  respectively,  is  shown  by  Figs.  9  and 
10,  Plate  II.  This  Las  an  important  bearing  on  the  proportion  of  sand 
to  be  added  in  practical  use  ;  for  when  mortar  is  mixed  for  use  in  the 
proportion  of  one  barrel  of  cement  to  two  of  sand,  if  there  be  nine 
parts  of  cement  and  one  of  sand  in  the  barrel  of  cement  itself,  the 
actual  proportion  in  the  mortar  will  be  .9  to  2.1  or  1  to  2  33.  If  there 
be  only  six  parts  of  cement  and  four  of  sand  in  the  barrel  of  cement,  the 
resulting  proportion  in  the  mixture  will  be  .6  to  2.4  or  1  to  4. 

Pine  cement  can  be  produced  by  the  manufacturers  in  three  ways  : 
by  supplying  the  mill-stones  with  comparatively  soft,  under-burnt  rock, 
which  is  easily  reduced  to  powder  ;  by  running  the  stones  more  slowly, 
so  that  the  rock  remains  longer  between  them;  or  by  bolting  through  a 
sieve  and  returning   the  unground  particles  to  the  stones.     The  first 
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process  produces  an  inferior  quality  of  cement,  while  the  second  and 
third  add  to  the  cost  of  manufacturing. 

The  extra  cost,  as  estimated  by  a  firm  of  English  manufacturers,  of 
reducing  a  Portland  cement  from  an  average  of  70  per  cent,  fine,  tested 
by  No.  120  sieve,  to  90  per  cent,  fine,  was  18  cents  per  barrel.  The 
price  at  which  5  000  barrels  of  their  ordinary  make,  70  per  cent,  fine, 
were  offered,  delivered  on  our  work,  was  $2 .  82  per  barrel.  The  same 
cement,  ground  88  per  cent,  fine,  was  delivered  for  $3  a  barrel.  On 
the  foregoing  assumption  of  the  value  of  fine  and  coarse  particles,  the 
city,  by  accepting  the  first  offer,  would  have  obtained  in  bulk  3  500  bar- 
rels of  actual  cement  and  1  500  barrels  of  sand  for  $14  100.  By  accept- 
ing the  second  offer,  it  obtained  in  bulk  4  400  barrels  of  cement  and 
600  of  sand  for  $15  000.  That  is,  the  900  additional  barrels  of  cement 
cost  one  dollar  a  barrel.  Experiments  illustrating  the  value  of  fine 
grinding  and  further  comments  will  be  given  later. 

Tests  were  made  both  of  neat  cement  and  of  cement  mixed  with 
sand  in  different  proportions.  The  latter  were  preferred  because  they 
showed  the  strength  and  value  of  the  mortars  used  in  actual  work.  It 
was  found  also  that  the  strength  of  briquettes  made  of  neat  cements 
did  not  always  indicate  the  capacity  of  these  cements  to  bind  sand,  or 
the  strength  of  the  mortars  made  with  them.  This  is  illustrated  by 
experiment  No.  10,  on  page  157. 

The  greater  the  proportion  of  sand,  in  the  mortar  tested,  the  more 
accurately  was  the  actual  cementing  quality  of  the  cement  indicated. 
As,  however,  very  weak  mixtures  took  a  long  time  to  harden,  and  were 
liable  to  injury  from  handling,  one  part  cement  to  three  parts  sand  was 
adopted  as  the  usual  mixture  for  testing  Portland  cements,  and  one  to 
one  and  one-half  or  two  for  American  cements.  Occasionally,  when 
testing  large  quantities  of  some  well-known  brand,  the  object  being  to 
see  that  a  uniform  strength  was  maintained,  it  was  found  sufficient, 
and  simpler,  to  omit  the  sand  and  make  the  briquettes  of  cement  only. 

In  making  mortars  for  testing,  rather  coarse,  clean,  sea-beach  sand 
was  used. 

The  subsequent  strength  of  the  briquettes  depended  largely  upon  the 
amount  of  water  with  which  they  were  gauged.  The  highest  results 
were  obtained  by  using  just  enough  water  thoroughly  to  dampen  the 
cement,  giving  the  mass  the  consistency  of  fresh  loam,  which  became 
pasty  by  working  with  a   trowel.     For  ordinary  testing,  sufficient  water 
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was  added  to  make  a  plastic  mortar  somewhat  stiffer  than  is  commonly 
used  by  masons.  Different  cements  varied  in  the  amounts  of  water 
needed  to  produce  this  result.  As  a  rule,  American  cements  needed 
more  water  than  Portland,  fine-ground  more  than  coarse,  and  quick-set- 
ting more  than  slow-setting  cements.  Experiment  No.  9,  page  156, 
shows  the  comparative  strength  of  mortars  gauged  with  different  per- 
centages, (in  weight  of  the  cement),  of  water.  The  standard  adopted 
was  25  per  cent,  for  Portland  cement  and  33  per  cent,  for  Rosendale, 
but  these  amounts  were  increased  or  diminished  by  the  operator  to  suit 
the  circumstances,  his  aim  being  to  obtain  mortars  of  unvarying  con- 
sistency. 

The  way  in  which  the  test  briquettes  were  made  was  as  follows:  The 
moulds,  having  been  slightly  greased  inside  to  prevent  the  mortar  sticking 
to  them,  were  placed  on  a  polished  marble  slab.  This  support  for  them 
was  used  because  it  was  easily  cleaned  and  the  mortar  did  not  stick  to  it. 
Experiment  No.  6,  page  153,  shows  that  the  use  of  porous  or  of  non- 
porous  beds  to  support  the  moulds  does  not  materially  affect  the 
strength  of  the  mortars.  The  requisite  amounts  of  cement  and  sand  for 
one  briquette  were  weighed  out  and  incorporated  dry  in  a  mixing-pan. 
The  proper  amount  of  water  was  also  weighed  out  and  added,  and  the 
mass  worked  briskly  with  a  small  trowel  until  of  uniform  consistency. 
A  brass  mould  was  half  filled  with  the  mortar,  which  was  rammed  into 
place  by  the  operator  with  a  small  wooden  rammer,  in  order  to  displace 
any  bubbles  of  air  which  might  be  confined  in  it.  The  mould  was 
then  filled  to  its  top  with  the  remaining  mortar,  which  was  in  turn 
rammed  down.  Finally  the  mortar  was  struck  even  with  the  top  of 
the  mould  and  given  a  smooth  surface  by  the  trowel. 

The  amount  of  mortar  packed  in  the  mould  and  the  consequent 
density  of  the  briquette  wrould  vary  with  any  variation  in  the  degree  of 
force  exerted  by  the  operator  in  ramming.  This  variation  was  reduced 
to  a  minimum  by  always  mixing  a  fixed  amount  of  mortar,  which  was 
barely  more  than  sufficient  to  fill  one  mould.  Irregularities  in  ram- 
ming would  thus  be  detected  by  variations  in  the  amount  of  surplus 
mortar,  and  could  be  checked.  An  attempt  was  made  to  do  away  wholly 
with  this  element  of  uncertainty  by  pressing  the  mortar  into  the  moulds 
with  certain  fixed  pressures.  Apparatus  was  devised  and  used  for  this 
purpose,  but  was  finally  abandoned  on  account  of  the  length  of  time  re- 
quired for  its  use. 
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The  initial  energy  of  the  cement — that  is,  the  length  of  time  after 
mixing  before  it  "set" — was  determined  by  noting  the  length  of  time 
before  it  would  bear  "the  light  wire  "of  n,-inch  in  diameter  loaded 
with  i -pound  weight,  and  also  "the  heavy  wire  "  -/i-inch.  in  diameter 
loaded  with  1-pound  weight.  At  the  former  time,  the  cement  was  said 
to  have  begun  to  set;  and  at  the  latter,  it  was  entirely  set.  Different 
kinds  and  brands  of  cement  varied  greatly  in  the  time  after  mixing 
when  they  would  bear  the  wires.  Some  brands  of  English  Roman 
cement  would  set  in  two  minutes;  and  some  of  Portland  required  over 
12  hours.  Cold  retarded  the  setting;  and  fresh-ground  cements  set 
quicker  than  older  ones.  No  direct  relation  was  established  between 
initial  energy  and  subsequent  strength.  By  judicious  mixing  of  quick 
and  slow  setting  cements,  a  mixture  could  be  obtained  which  would  set 
within  any  desired  period. 

As  soon  as  the  briquettes  were  hard  enough  to  handle  without  injury, 
which  with  different  cements  and  mixtures  varied  from  5  minutes  to 
12  or  more  hours,  they  were  removed  from  the  moulds  and  placed  in 
numbered  pans  filled  with  water.  Before  removal  each  briquette  had 
marked  upon  it,  with  steel  stamps,  the  name  of  the  cement,  date  of 
mixing,  and  a  number  by  which  it  could  be  further  identified.  The 
inscription  might  read  thus: 

"Alsen  1-3.     May  17,  1880.     47." 

Records  were  also  kept  in  books  and  on  blanks  provided  for  the  pur- 
pose. The  briquettes  were  kept  in  the  pans,  covered  with  water,  until 
they  were  broken.  Their  age  when  broken  varied  from  24  hours  to  5 
years. 

In  testing  a  well-known  American  cement,  of  generally  uniform 
quality,  if  it  were  an  object  to  save  time,  the  comparative  excellence  of 
the  samples  could  be  sufficiently  determined  by  a  24-hours  test  of 
briquettes  made  of  neat  cement.  Under  similar  conditions  neat  Port- 
land cement  could  be  tested  in  7  days.  To  test  mortar  of  either  kind  of 
cement  took  a  week— or,  better,  a  month — especially  if  there  was  a  lib- 
eral proportion  of  sand. 

The  probable  value  of  an  untried  brand  of  cement  could  hardly  be 
ascertained  with  certainty  in  less  than  a  month,  and  not  always  then. 
To  illustrate  the  occasional  need  of  long-time  tests,  a  case  may  be  cited. 

A  new  brand  of  cement,  made  by  some  patent  process,  was  offered 
for  use  on  the  work.      When  tested  it  set  up  well,   and  at  the  end 
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of  a  week  the  neat  cement  bad  a  tensile  strength  of  184  pounds  per 
square  inch.  In  a  month  this  had  increased  to  267  pounds,  indicating  a 
strength  equal  to  that  of  a  low-grade  Portland  cement.  At  this  time 
there  was  nothing  in  the  appearance  of  the  briquettes  to  indicate  any 
weakness.  Yet  after  about  6  months  they  fell  to  pieces,  and  had  entirely 
lost  their  cohesive  quality. 

The  briquettes  were  broken  by  a  machine  made  for  the  Department 
by  Fairbanks  &  Co.  It  worked  with  levers,  acting  on  a  spring  balance, 
which  was  tested  from  time  to  time,  and  found  to  maintain  its  accuracy. 

During  the  progress  of  the  work  the  following  brands  of  cement 
were  submitted  for  approval,  and  were  tested  with  more  or  less  thor- 
oughness : 

Old  Newark,  Newark  and  Rosendale,  Norton,  Hoffman,  Old  Rosen- 
dale,  New  York  and  Rosendale,  Lawrenceville,  Rosendale,  Arrow, 
Keator,  Howe's  Cave,  Rock  Lock,  Ruffalo,  Cumberland,  Round  Top, 
Selenitic,  Yorwholer,  Star,  Dyckerhoff,  Alsen,  Hemmor,  Bonnar, 
Onward,  Burham,  J.  B.  YVhite,  Knight,  Bevan  &  Sturge,  Brooks, 
Shoobridge  &  Co.,  Leavitt,  Grand  Float,  Diamond,  Spanish,  Red  Cross, 
La  Farge,  Lime  of  Teil,  Saylor,  Coolidge,  Walkill,  Cobb,  Abbott. 

The  following  is  a  record  of  the  more  instructive  tests  made  for 
experimental  purposes.  Nearly  all  of  them  were  made  with  special 
reference  to  the  work  then  in  hand,  to  elucidate  some  practical  ques- 
tions affecting  the  purchase,  testing  or  use  of  the  cements  needed  for 
building  purposes.  The  names  of  the  brands  of  cement  tested  in  the 
several  experiments  are  generally  omitted.  This  is  in  order  to  avoid 
any  unwarranted  use  of  the  results  as  recorded. 

The  figures  given  in  the  tables  always  represent  average  breaking 
loads  in  pounds  per  square  inch  of  breaking  section. 

Experiment   No.  1. 

Of  natural  American  cements,  the  Rosendale  brands  (so-called)  are 
the  only  ones  which  find  a  sale  in  the  Boston  market,  and  they  were 
chiefly  used  on  the  work.  Imported  Portland  cements  were  also  largely 
used.  It  was  important,  therefore,  to  ascertain  the  actual  and  compara- 
tive strengths  of  these  cements.  The  following  table  gives  results  com- 
piled from  about  25,000  breakings  of  twenty  different  brands,  and  fairly 
represents  the  average  strength  of  ordinary  good  cements  of  the  two 
kinds.     Some  caution,  however,  is   necessary  in   using  the  table   as   a 
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standard  with  which  to  compare  other  cements.  Quick-setting  cements 
might  be  stronger  in  a  day  or  week,  and  show  less  increase  in  strength 
with  time.  Fine-ground  cements  would  probably  give  lower  results 
tested  neat,  and  higher  ones  with  liberal  proportions  of  sand. 


TABLE   No.  3. 
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ROSENDALE      CEMENT. 


71    92  145  282  290     56  116  190  256   41  95  155  230     24    60  125  180     14    35    80  121      5    16    46 


PORTLAND    CEMENT. 


102  3031412  468  494    160  225  347  387    126  163  279  323     95  140  19S  257    55    88  136  155 


The  table  is  instructive  in  several  ways.  It  shows  that  Portland  ce- 
ment acquires  its  strength  more  quickly  than  Kosendale ;  that  both 
cements  (but  especially  Rosendale)  harden  more  and  more  slowly  as  the 
proportion  of  sand  mixed  with  them  is  increased  ;  that  whereas  neat 
cements  and  rich  mortars  attain  nearly  their  ultimate  strength  in  six 
months  or  less,  weak  mortars  continue  to  harden  for  a  year  or  more. 
The  table  shows  the  advantage  of  waiting  as  long  as  possible  before  load- 
ing masonry  structures,  and  the  possibility  of  saving  cost  by  usiDg  less 
cement  when  it  can  have  ample  time  to  harden.  It  also  shows  that 
Portland  cement  is  especially  useful  when  heavy  strains  must  be  with- 
stood within  a  week. 

Experiment  No.  2. 


These  series  of  tests  are  like  the  preceding  ones,  except  that  a 
single  brand  of  cement  was  used  in  making  each.  The  average 
breaking  loads  per  square  inch  were  obtained  from  a  less  number  of 
briquettes  (about  500  in  all),  mortars  with  larger  proportions  of  sand 
were  included  in  the  series,  and  the  tests  were  extended  for  two  years. 
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Age  when 

Broken. 


Neat 

Cement  1, 

Cement  1,  Cement  1, 

Cement  1, 

Cement  1, 

Cement. 

Sand  2. 

Sand  4.    '    Sand  6. 

Sand  8. 

Sand  10. 

Cement  1, 
Sand  12. 


PORTLAND  CEMENT  MORTAR. 


One  week  . . . 
One  month. . . 
Six  months. . . 
Two  years . . . . 


295 

166 

89 

50 

33 

23 

341 

243 

132 

88 

67 

50 

374 

343 

213 

149 

98 

76 

472 

389 

226 

159 

98 

49 

17 
41 
51 
31 


ROSENDALE   CEMENT   MORTAR. 


One  week. . . . 

24 

83 

172 

211 

7 
32 
93 
90 

5 
17 

62 
56 

One  month. .  . 

8 
50 
33 

5 
33 
22 

Six  months. . . 

21 

Two  years. . . . 

20 

The  tables  show  that  considerable  strength  is  acquired  in  time,  even 
when  a  very  large  proportion  of  sand  is  used  ;  also,  that  most  mortars 
increase  very  little,  if  any,  in  tensile  strength  after  six  months  or  a  year. 
They  become  harder  with  time,  but  also  become  more  brittle  and  prob- 
ably less  tough.  Specimens  of  mortar  two  years  old  or  more  break 
very  irregularly. 

Experiment  No.  3. 

The  rate  at  which  Rosendale  and  Portland  cements,  respectively,  in- 
crease in  strength  during  the  first  two  months  after  mixing  is  very 
different,  and  has  some  bearing  on  their  use,  and  more  on  the  interpreta- 
tion of  tests  of  them  made  within  that  period.  The  curves,  Fig.  1, 
Plate  III,  which  indicate  this  rate  of  increase,  were  compiled  from  tests 
with  neat  cement.  It  is  probable  that  tests  with  mortar  would  give 
somewhat  similar  results.     By  comparing  the  two  curves,  it  appears  that 
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after  24  hours  Rosendale  cement  has  about  J  of  the  strength  of  Portland. 
"While  the  latter  increases  greatly  in  hardness  during  the  next  few  days, 
the  energy  of  the  former  becomes  dormant,  so  that  at  the  end  of  a  week 
the  Portland  cement  is  more  than  three  times  as  strong  as  the  Rosendale. 
During  the  second  week  the  Portland  cement  increases  more  slowly,  and 
the  Rosendale  continues  nearly  quiescent.  At  about  this  period,  and  for  the 
next  six  weeks,  the  Rosendale  cement  gains  strength,  not  only  relatively, 
but  actually  faster  than  the  Portland,  so  that  when  2  months  old  the 
former  has  £  the  strength  of  the  latter.  After  2  months  the  relative  rate 
of  increase  and  the  comparative  strength  of  the  two  cements  remain 
nearly  unchanged.  A  series  of  tests  with  a  Buffalo  cement,  and  one 
with  a  Cumberland  cement,  gave  results  similar  to  those  with  Rosendale 
cement. 

Experiment  No.  4. 

For  making  tests  it  is  not  always  convenient  to  obtain  sand  of 
uniform  size,  and  still  less  so  to  obtain  such  sand  in  sufficient  quantities 
for  use  in  work.  The  curves,  Fig.  2,  Plate  III,  record  some  tests  made  to 
determine  the  effect  of  fineness  and  of  uniformity  of  size  in  sand  upon 
the  strength  of  mortars  made  with  it. 

The  curves  show  that  for  comparative  tests  it  is  advisable  to  have 
sifted  sand  of  nearly  uniform  size  ;  that  mortars  made  with  coarse  sand 
are  the  strongest,  and  that  the  finer  the  sand  the  less  the  strength.  It 
also  appears  that  mixed  sand,  i.  e.,  unsifted  sand  containing  a  mixture  of 
particles,  from  coarse  to  fine,  makes  nearly  as  strong  a  mortar  as  coarse 
or  medium  coarse  sand.  For  use  in  work,  therefore,  it  is  well  to  avoid 
fine  sands,  but  it  is  not  necessary  to  have  sand  of  uniform  size,  or  to 
sift  out  a  moderate  proportion  of  fine  particles. 

Experiment  No.  5. 

As  some  experimenters  on  cement  use  a  test  briquette  with  a  breaking 
section  of  1  square  inch,  and  others  one  with  a  section  of  2|  square 
inches,  the  following  experiment  was  made  to  determine  the  difference, 
if  any,  in  the  strength  acquired  by  the  same  mortars  moulded  into 
briquettes  of  these  different  sizes.  Two  series  of  tests  were  made,  in 
the  same  way,  with  the  same  mortars.  In  one  series  the  briquettes  had 
a  breaking  section  of  1  square  inch,  and  in  the  other  the  section  was  2£ 
square  inches.     The  results  are  given  in  the  following  table,  in  which 
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the  figures  represent  breaking  loads  in  pounds  per  square  inch,  and 
are  averages  from  5  breakings. 

TABLE  No.  5. 
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Portland  Cement. 

Neat  Cement. 

Cement  1, 
Sand  1.5. 

Neat 
Cement. 

Cement  1, 
Sand  1.5. 

(A 

d 

0> 

o 

5 

0 

o 

to 

27 
27 

5 

a 
o 

53 
62 

00 

.a 

a 
o 

us 

236 
311 

o 

309 
347 

a 

o 

460 
391 

00 

a 
o 

a 

CO 

657 

578 

M 

o 

60 
67 

a 

O 

96 
108 

03 

a 

o 

49 
49 

73 

78 

156 
173 

286 
258 

175 

230 

As  is  usual,  the  breaking  loads  are  somewhat  irregular,  the  inch 
section  excelling  at  some  points,  and  the  larger  section  at  others.  The 
experiment,  however,  seems  to  indicate  that  neither  size  will,  as  a  rule, 
give  higher  results  than  the  other. 


Experiment  No.  6. 

Some  experimenters  have  thought  it  important  to  place  the  moulds 
in  which  mortar  is  packed  for  testing  upon  a  porous  bed,  such  as 
blotting  paper  or  plaster.  Others  use  a  non-porous  bed  of  glass,  slate 
or  marble.  The  following  series  of  tests  were  made  to  discover  the 
effect  of  these  different  modes  of  treatment.  The  figures  in  the  tables 
represent  breaking  loads,  in  pounds  per  square  inch,  and  are  averages 
of  about  ten  breakings. 
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TABLE  No.  6. 

ROSENDALE  CEMENT. 


Mixture. 

Kind  of  Bed. 

One  Week. 

One  Month. 

Six  Months. 

One  Year. 

Neat, 

Marble 

Plaster 

95 
106 

151 

178 

288 
303 

325 
316 

Cement,  1, 
Sand,  1.5, 

Marble 
Plaster 

44 

62 

107 
120 

210 

219 

251 

265 

A  CUMBERLAND  CEMENT. 


Mixture. 

Kind  of  Bed. 

One 
Bay. 

One 
Week. 

One 

Month. 

Six 
Months. 

One 
Year. 

Neat, 

Marble 

Plaster 

128 
147 

133 

165 

142 
176 

231 
244 

241 
257 

Cement,  1, 

Marble 

107 
128 

161 
166 

275 
299 

339 

Sand,  1.5, 

Plaster 

345 

Cement,  1, 

Marble 

85 
111 

134 

148 

201 
241 

292 

Sand,  2, 

Plaster  

294 

Cement,  1, 

Marble 

40 

46 

94 
91 

162 
164 

163 

Sand,  4, 

Plaster 

170 

GERMAN  PORTLAND  CEMENT. 


Mixture. 

Kind  of  Bed. 

One  Week. 

One  Month. 

Six  Months. 

One  Year. 

Plaster 

259 
213 

367 
376 

390 
411 

Cement,  1, 
Sand,  2, 

Marble 

176 

196 

256 

258 

346 
326 

345 
357 

Cement,  1, 
Sand,  3, 

Marble 

Marble 

Plaster 

141 
147 

225 
220 

250 

258 

313 
312 

Cement,  1, 
Sand,  4, 

103 
120 

157 

150 

240 
233 

274 
264 

Cement,  1, 
Sand,  5, 

Marble 

Plaster 

82 
103 

108 
140       - 

182 
193 

213 

197 
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Making  allowance  for  a  few  irregularities,  it  appears  from  the  foregoing 
tables  that  tbe  use  of  a  porous  bed  gives  slightly  bigber  results  for  tbe 
first  one  or  two  months,  but  tbat  tbe  difference  disappears  or  becomes 
insignificant  witb  age. 

EXPERIMENT  No.    7. 

It  is  a  well-recognized  fact  tbat  in  experimenting  witb  cements, 
even  wben  great  care  is  exercised,  individual  specimens  break  very 
irregularly,  and  tbat  results  even  approximately  conforming  to  tbeory 
can  only  be  obtained  from  averages  from  a  large  number  of  break- 
ings. Tbe  personal  equation  of  tbe  operator  and  tbe  degree  of  force 
witb  wbicb  be  presses  tbe  mortar  into  tbe  moulds  is  one  factor  in  pro- 
ducing irregular  results.  To  do  away  witb  tbis,  a  macbine  for  packing 
tbe  moulds  was  devised  and  used  for  a  time.  By  tbis  tbe  mortar  was 
pressed  into  tbe  moulds  by  a  metallic  plunger,  acting  witb  definite 
pressures  varying  from  50  to  400  pounds. 

Tbe  macbine-made  briquettes  broke  witb  somewbat  greater  uni- 
formity tban  band-made  ones.  So  mucb  more  time  was  required  to 
make  briquettes  witb  tbis  macbine  tbat  it  was  found  to  be  impracticable 
to  employ  it  for  general  use. 

Experiment  No.  8. 

By  tbe  sea  it  is  frequently  convenient  to  mix  mortar  witb  salt  water. 
Brine  is  also  used  in  winter  as  a  precaution  against  frost.  Tbis  experi- 
ment was  made  to  obtain  tbe  comparative  effect  of  mixing  witb  and  im- 
mersing in  fresb  and  sea  water  respectively.  Tbe  tests  were  made  upon  a 
Rosendale  mortar,  mixed  one  part  cement  to  one  part  sand,  and  an 
English  Portland  mortar,  one  part  cement  to  two  parts  sand.  Tbe  figures 
are  averages  of  about  ten  breakings,  and  give  the  tensile  strength  in 
pounds  per  square  inch  with  different  methods  of  treatment  and  at  differ- 
ent ages. 

Except  for  some  irregularity  in  the  breakings  for  one  year  (wbicb 
may  have  been  due  to  the  manipulation),  the  table  indicates  tbat 
salt,  either  in  the  water  used  for  mixing  or  that  of  immersion,  has  no 
important  effect  upon  the  strength  of  cement.  Salt  water  retards  the 
first  set  of  cement  somewhat. 
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TABLE  No.  7. 


RoSENDALE  CEMENT  MoKTAE, 
1  TO  1. 

Poktland  Cement  Moetae, 
1  TO  2. 

Fresh  Water. 

Fresh. 

Salt. 

Salt. 

Mixed  with 

Fresh. 

Fresh. 

Salt. 

Salt. 

Fresh  Water. 

Salt. 

Fresh. 

Salt. 

Immersed  in 

Fresh. 

Salt. 

Fresh . 

Salt. 

40 

48 

50 

61 

One  week. 

151 

122 

152 

149 

126 

135 

114 

126 

One  month. 

213 

191 

203 

200 

247 

250 

243 

224 

Six  months. 

314 

245 

277 

264 

310 

263 

224 

217 

One  year. 

342 

231 

346 

295 

Experiment  No.  9. 

This  was  an  experiment  to  determine  the  relation  existing  between 
the  stiffness  of  cement  mortar  when  first  mixed  and  its  subsequent 
strength.  The  stiffness  depends  on  the  proportion  of  water  used  in 
mixing,  and  varies  somewhat  with  different  cements.  Natural  American 
cements  take  up  more  water  than  Portland  cements,  and  fine-ground 
more  than  coarse  cements.  Many  series  of  tests  bearing  on  this  point 
were  made.  The  results  obtained  from  two  of  the  more  complete  series 
are  shown  by  the  curves  on  Plate  IV.  The  cements  used  in  these 
tests  were  a  rather  coarse  English  Portland  and  a  fair  Kosendale.  Each 
of  the  points  in  the  curves  represents  an  average  from  about  ten  briquettes. 
The  cements  were  tested  neat,  and  the  amounts  of  water  used  were  dif- 
ferent percentages,  by  weight,  of  the  amounts  of  cement.  The  resulting 
stiffness  of  mortar  is  indicated  on  the  curves.  This  varied  from  the  con- 
sistency of  fresh  loam  to  a  fluid  grout.  The  time  of  setting  is  greatly 
retarded  by  the  addition  of  water. 

The  curves  show  that  from  20  to  25  per  cent,  of  water  gives  the  best 
results  with  Portland  cement,  and  from  30  to  35  per  cent,  with  Kosen- 
dale; that  the  differences  in  strength  due  to  the  amount  of  water  are 
considerable  at  first,  but  diminish  greatly  with  age  ;  that  the  soft  mor- 
tars, even  when  semi-fluid  like  grout,  attain  considerable  strength  in 
time. 
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Experiment  No.  10. 

From  the  first  it  was  observed  that  fine-ground  cements  were  less 
strong  when  tested  neat,  and  stronger  when  mixed  with  sand,  than  were 
coarse  cements.  A  few  examples  of  this  are  given  below.  In 
the  first  table  a  coarse  English  Portland  cement  is  compared  with  a  fine- 
ground  French  Portland.  The  per  cent,  of  each  retained  by  the  fine  No. 
120  sieve  is  given,  and  the  tensile  strength,  in  pounds  per  square  inch 
at  the  end  of  7  days. 

TABLE  No.  8. 


Kind  of  Cement. 

Per  cent. 

retained  by 

No.  120  Sieve. 

Parts  of  Sand  to  1  part  of 
Cement. 

0 
319 

2 

3 

4 

5 

English  Portland 

37 

125 

89 

59 

43 

13 

318 

205 

130 

114 

86 

Such  examples  could  be  multiplied.  German  Portland  cements  were 
commonly  finer  ground  than  English  and,  as  a  rule,  were  no  stronger,  or 
less  strong,  tested  neat,  but  were  much  stronger  with  liberal  jiroportions 
of  sand.  In  the  following  table  two  lots  of  the  same  brand  of  English 
Portland  cement  are  compared.  The  coarse  cement  was  the  ordinary 
make  of  the  manufacturers;  the  fine  cement  differed  in  no  particular  from 
the  other  except  that  it  was  ground  more  slowly  and  finer,  to  meet  the 
requirements  of  a  special  agreement.  The  age  of  the  samples  when 
broken  was  28  days. 
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TABLE  No.  9. 


Kind  of  Cement. 

Per  cent. 

retained  by 

No.  120  Sieve. 

Parts  of  Sand  to  1  part  of 
Cement. 

0 

3 

5 

Ordinary  Cement 

35 

403 

105 

68 

12 

304 

180 

96 

Different  brands  of  Rosendale  cement  varied  considerably  in  tlieir 
fineness.  Those  of  the  best  reputation  would  leave  from  4  to  10  per  cent, 
residuum  in  the  No.  50  sieve;  other  brands  would  leave  in  the  same  sieve 
from  10  to  23  per  cent.  In  the  following  table  is  compared  the  average 
tensile  strength  obtained  from  experiments  with  three  of  the  finer  ground 
brands,  and  also  with  three  other  brands  of  good  reputation,  but  more 
coarsely  ground.     The  age  of  the  specimens  was  1  week. 

.TABLE  No.  10. 


Kind  of  Cement. 

Per  cent, 
retained  by 
No.  50  Sieve. 

Parts  of  Sand  to  1  part  of 
Cement. 

0 

1.5 

2 

Fine  Rosendale 

6 

92 

41 

25 

17 

98 

29 

16 

The  foregoing  experiments  show  that  it  is  impossible,  by  tests  on  the 
tensile  strength  of  neat  cements  alone,  to  judge  of  their  value  in  making 
mortar  for  practical  use;  also  that  fine-ground  cements  make  stronger 
mortars  than  do  coarser  ones. 

A  number  of  series  of  tests  were  made  of  cements  which  had  been 
sifted  through  sieves  of  different  degrees  of  fineness,  and  had  thereby 
had  different  percentages  of  coarse  particles  removed  from  them.     The 
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results  from  these  experiments  were  quite  uniform  and  showed  that,  in 
proportion  as  its  coarse  particles  were  removed,  a  cement  became  more 
efficient  for  making  mortars  with  sand.  The  following  table  gives  the 
results  obtained  from  one  such  series  of  tests  made  with  an  English  Port- 
land cement.  In  the  experiment  comparison  is  made  between  the 
strength  of  mortars  made  with  the  ordinary  cement,  unsifted  as  it  came 
from  the  barrel,  and  those  made  with  the  same  cement  after  having  been 
sifted  through  Nos.  50,  70,  100  and  120  sieves,  which,  respectively,  elim- 
inated more  and  more  of  the  coarse  particles.  The  per  cent,  of  particles 
which  would  still  be  retained  by  the  fine  No.  120  sieve,  after  sifting 
through  the  coarser  sieves,  is  given  in  the  second  column  of  the  table. 
There  is  included  in  the  table  an  extra  coarse  cement,  which  was  made 
so  by  adding  to  unsifted  cement  a  certain  amount  of  the  coarse  particles 
taken  from  the  sifted  cements.  The  tensile  strength  is  given  in  pounds 
per  square  inch. 

TABLE  No.  11. 


Kind  of  Cement  used  in 
making  mortabs. 


<  -  i: 

■-  £  - 

°%& 

H  no 

-   -   - 


Cement  with  coarse  par- 
ticles added 


Cement     which      passed 
No.  120  Sieve 


One  Week. 


One  Month. 


Six  Months. 


One  Year. 


Parts  of  Sand  to  1  part  of  Cement. 


Ordinary     Cement,     un- 
sifted.'       33     1129 


Cement    which     passed 
No.50Sieve 28 


Cement    which      passi  d 

No.  70  Sieve 18      163 


Cement    which      passed 
No.  100  Sieve 


67  47 

82  65 

84  73 

95  86 


2      3 


117    80 
197  143 

■210  158 


168 


185 


307  257 
316  262 


92 
105 
178 
L93 
215 
218 


In  a  similar  series  of  tests  with  Rosendale  cement  mortars  the  increase 
in  strength  obtained  by  substituting  fine  for  coarse  particles  in  the 
cement  was  much  less  marked.  The  coarse  particles  were  softer  than 
those  from  Portland  cement  and  had,  in  themselves,  some  power  of  cohe- 
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sion.  As  previous  tests  had  shown  that  fine-ground  Rosendale  cements 
were  stronger,  with  sand,  than  coarse-ground,  it  was  assumed  that  the 
superiority  was  due,  not  so  much  to  the  absence  of  palpably  coarse  par- 
ticles, as  to  the  fact  that  the  bulk  of  the  cement  was  more  floury  and 
thus  better  adapted  to  coating  and  binding  the  particles  of  sand.  Prob- 
ably natural  American  cement  is  as  much  improved  as  is  Portland 
cement  by  fine  grinding,  but  in  the  case  of  the  former  there  would  not 
be  the  same  relative  advantage  in  bolting  out  the  coarse  particles  after 
grinding. 

The  following  series  of  tests  may  be  of  interest  on  account  of  the  age 
of  the  specimens.  The  mortars  were  made  with  an  English  Portland 
cement,  both  unsifted  as  taken  from  the  cask,  and  also  after  it  had  been 
sifted  through  the  No.  120  sieve,  by  which  process  about  35  per  cent,  of 
coarse  particles  were  eliminated. 

TABLE  No.  12. 


Neat  Cement. 

Cement,  1 

;  Sand,  2. 

Cement,  1 

;  Sand,  5. 

Kind  or  Cement. 

2  Years. 

4  Years, 

2  Years. 

4  Years. 

2  Years . 

i  Years. 

Ordinary  Cement,  unsifted.. 

603 

387 

339 

493 

182 

202 

Cement  which  passed  No.  120 

374 

211 

478 

580 

250 

284 

This  table  also  shows  that  fine  cements  do  not  give  as  high  results 
tested  neat  as  do  cements  containing  coarse  particles,  even  coarse  par- 
ticles of  sand.  It  also  shows  (what  is  often  noticed)  that  neat  cements 
become  brittle  with  age,  and  are  apt  to  fly  into  pieces  under  compara- 
tively light  loads. 

The  series  of  tests  which  follows  was  made  for  the  purpose  of  ascer- 
taining what  value,  if  any,  for  cementing  purposes,  was  possessed  by  the 
hard,  coarse  particles  of  Portland  cement.  Mortars  were  made  with  an 
ordinary  English  Portland  cement,  and  compared  with  similar  mortars 
made  with  the  same  cement,  after  sifting  through  No.  120  sieve,  which 
retained  33  per  cent,  of  coarse  particles. 
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One  Week. 

One  Month. 

Six  Months. 

One  Year. 

[Kind  of  Cement. 

Parts  of  Sand  to  one  part  of  Cement. 

0 

2 

3 

0 

279 

243 

2 

201 
275 

3 

142 

201 

0 

438 
268 

2 

3 

0 

444 
306 

2 

343 
434 

3 

Cement    which     passed    No.     120 

353 
311 

139 

187 

86 
132 

323 
367 

253 

310 

271 

333 

As  usual,  the  coarse  cement  was  stronger  neat,  and  weaker  with  sand. 
Assuming  that  the  33  per  cent,  of  coarse  particles  retained  by  the  sieve 
had  no  value  as  cement,  acting  merely  as  so  much  sand,  and  assuming 
also  that  all  which  passed  through  the  sieve  was  good  cement,  it  follows 
that  the  ordinary  unsifted  cement  with  two  parts  of  sand  made  a  mortar 
in  which  the  proportion  of  real  cement  to  sand  was  .67  to  2.33,  or  about 
1  to  3.5.  Hence,  the  mortar  made  with  fine  cement  and  three  parts  of 
sand  should  be  as  strong,  or  a  little  stronger,  than  that  made  with  the 
coarse  cement  and  two  parts  of  sand.  It  will  be  seen  that  the  results  in 
the  table  sustain  the  assumption  very  well. 

If,  then,  the  coarse  particles  are  assumed  to  act  merely  as  so  much 
sand,  it  will  not  lessen  the  efficiency  of  the  cement  to  remove  its  coarse 
particles,  and  to  substitute  actual  sand  in  their  place.  This  wras  done  in 
making  the  following  series  of  tests.  One  set  of  briquettes  was  made 
with  ordinary  cement,  and  another  set  with  the  same  cement  from  which 
33  per  cent,  of  coarse  particles  had  been  removed  and  replaced  with  fine 
sand. 

TABLE  No.  14. 


One  Week. 

1 

One  Month. 

Six  Months   i  One  Yeak. 

Kim>  of  Cement. 

Parts  of  Sand  to  one  part  of  Cement. 

2 

3 

2 
201 

160 

3 

2 

3 

2 

3 

139 

101 

86 
67 

142 
100 

324 
253 

253 
206 

343 

305 

271 
240 

Cement  with  33  per  cent,  coarse  par- 
ticles removed  and  fine  sand  sub- 
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These  briquettes  refused  to  break  in  accordance  with,  the  theory,  and 
the  assumed  hypothesis  was  not  verified.  It  is  evident  that,  for  making 
mortar,  the  coarse  particles  of  Portland  cement  are  superior  to  ordinary 
sand,  but  much  inferior  to  fine  cement.  In  the  mortars  made  with  the 
cement  in  which  the  coarse  particles  had  been  replaced  with  fine  sand, 
the  real  proportions  of  cement  to  sand  were  1  to  3.5  andl  to  5.  It  will 
be  noticed  that  the  tensile  strength  was  not  reduced  in  like  proportion. 

ExPEKIMENT  No.    11. 

While  building  masonry  laid  in  American  cement  mortar,  it  is  some- 
times desirable  to  increase  the  strength  of  the  mortar  temporarily  or  in 
places.  Rich  Portland  cement  mortars  are  expensive,  and  those  with 
large  proportions  of  sand  are  too  porous  for  many  purposes.  The 
desired  strength  can  be  gained  by  using,  instead  of  the  simple  American 
cement,  the  same  cement  mixed  with  a  percentage  of  strong  Portland 
cement. 

The  following  series  of  tests  was  designed  to  ascertain  the  compara- 
tive strength  of  mortars  made  with  a  Rosendale  cement,  an  English 
Portland  cement,  and  also  a  mixture  composed  of  equal  parts  of  each. 

TABLE   No.   15. 


Kind  of  Mortar. 

1   Week. 

1  Month. 

6  Months. 

1  Year. 

Rosendale  Cement,    0.5.  )  c      ,    0 
Portland     Cement,    0.5.  j  &ana'  *• 

Portland  Cement,  1  ;  Sand,  2 

26 

79 

126 

60 
138 
163 

125 
268 
279 

180 
273 
323 

In  the  foregoing  tests  the  mortar  made  with  mixed  cement  had  an 
unexpected  strength  approximating  to  that  of  mortar  made  with  pure 
Portland  cement.  In  the  following  series  of  tests  of  mortars  made  with 
lime  of  Teil,  a  fine-ground  French  Portland  cement,  and  the  lime  and 
cement  mixed,  the  strength  of  the  mortar  made  with  the  mixture  is 
almost  exactly  a  mean  between  those  of  the  other  two  mortars,  as  also 
the  cost  of  the  mixed  cement  is  a  mean  between  the  costs  of  the  other 
two. 
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The  best  Portland  cements  sometimes  do  not  set  within  an  hour, 
which  precludes  their  use  for  wet  work.  In  such  cases  quick-setting 
cement  should  be  added  to  them.  Koman  cements  can  be  procured 
which  will  set  in  from  one  to  five  minutes.  Mixtures  of  Roman  and 
Portland  cements  were  often  used  on  the  Main  Drainage  works.  Such 
mortars  would  set  about  as  quickly  as  if  made  with  Roman  cement  alone, 
and  would  acquire  great  subsequent  strength  due  to  the  Portland  cement 
contained  in  them.     This  was  proven  by  many  experimental  tests. 

It  is  probable  that  mixtures  of  any  good  cements  can  be  used  with- 
out risk,  but  before  adopting  any  novel  combination  it  would  be  wise  to 
test  it  experimentally. 

Experiment  No.  12. 

Engineers  are  accustomed  to  require  that  only  clean  sand  and  water 
shall  be  used  in  making  mortar.  Occasionally  these  requirements  cause 
delay  and  extra  expense.  This  experiment  was  designed  to  ascertain 
how  much  injury  would  be  caused  by  the  use  of  sand  containing 
moderate  proportions  of  loam.  In  mixing  the  mortar  for  these  briquettes, 
sand  containing  10  per  cent,  of  loam  was  used  in  the  place  of  clean  sand. 
Each  figure  in  the  table  is  an  average  (in  pounds  per  square  inch)  of  ten 
breakings. 

TABLE  No.  17. 

Rosendale  Cement,  1  ;  Sand,  1.5  ;  Loam,  0.15. 
One  Week.  One  Month.  Six  Months.  One  Year. 

21  4G  200  221 

The  tests  do  not  give  very  decisive  results.  For  one  week  and  one 
month,  the  breaking  loads  are  not  much  more  than  one-half  what  would 
have  been  expected  with  clean  sand.  For  six  months  and  a  year,  they 
are  fully  equal  to  ordinary  mortar. 
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Experiment  No.  13. 

This  experiment  was  similar  to  the  foregoing  one  except  that  clay 
instead  of  loam  was  added  to  the  mortar.  Clay  when  dissolved  or  pul- 
verized consists  of  an  almost  impalpable  powder,  with  particles  fine 
enough  to  fill  the  interstitial  spaces  among  the  coarser  particles  of 
cement.  By  adding  clay  to  cement  mortar  a  much  more  dense,  plastic 
and  water-tight  paste  is  produced,  which  was  occasionally  found  con- 
venient for  plastering  surfaces  or  stopping  leaky  joints.  Each  figure 
in  the  Portland  cement  series  of  tests  is  an  average  from  about  15 
briquettes  ;  those  in  the  Rosendale  cement  series  are  averages  from  10 
briquettes. 

TABLE  No.  18. 

ROSENDALE   CEMENT. 


1  week.  . . 
1  month .  . 
6  months. 
1  year .... 


Cement,  2 
Clay, 1 


32 
108 
303 

208 


Cement,  1 
Clay,  1 


23 

52 

206 

209 


Cement,  1 
Sand,  1.5 


50 
123 
217 

262 


Cement,  1  Cement,  1  (  Cement,  1 
Sand,  1.5  ISand,  1.5  Sand,  1.5 
Clay,  0.15  j Clay,  0.3  Clay,  0.45 


52 
116 

248 
290 


34 
101 
247 
265 


33 
100 
236 
261 


PORTLAND    CEMENT. 


Cement,  2 
Clay,  1 

Cement,  1 
Clay,  1 

Cement,  1 
Sand,  2 

Cement,  1 

Sand,       2 

Clay,  0.2 

Cement,  1 
Sand,       2 
Clay,  0.4 

Cement,  1 

Sand,      2 

Clay,  0.6 

1  week. . . . 
1  month . . 
6  months. 
1  year .... 

185 
263 
348 
303 

192 
271 
322 
301 

150 
186 
320 
340 

197 
253 
361 

367 

185 
245 

368 
401 

145  , 
203 
317 
384 

The  tests  seem  to  show  that  the  presence  of  clay  in  moderate  amounts 
does  not  weaken  cement  mortars. 

It  was  feared  that  the  presence  of  clay  in  mortars  exposed  to  the 
weather  might  tend  to  make  them  absorb  moisture  and  become  disin- 
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tegrated.  To  ascertain  whether  this  would  be  so,  sets  of  briquettes 
were  made,  one  set  of  Portland  cement  and  sand  only,  the  other  contain- 
ing also  different  amounts  of  clay.  They  were  allowed  to  harden  in 
water  for  a  week,  and  were  then  exposed  on  the  roof  of  the  office  building 
for  two  and  one-half  years,  when  they  were  broken.  All  of  the  briquettes 
appeared  to  be  in  perfectly  good  condition,  with  sharp,  hard  edges. 
Their  average  tensile  strengths  in  pounds  per  square  inch  are  shown  in 
the  following  table  : 

TABLE  No.  19. 

Portland  cement  1  ;  Sand  2 402 

"      Clay  0.5 262 

"      1.0 256 

"      1.5 182 

"     2.0 178 

The  mortars  with  clay  show  a  very  fair  degree  of  strength,  and 
the  tests  confirm  the  belief  that  the  presence  of  clay  works  little,  if  any, 
harm.  Tests  of  mortars  made  with  lime  and  clay  also  gave  favorable  re- 
sults. Such  mortars  would  stand  up  in  water.  The  subject  is  worthy 
of  further  investigation. 

EXPEKIMENT   No.    14. 

Occasionally,  for  stopping  leaks  through  joints  in  the  sewers,  it  was 
found  convenient  to  use  cement  mixed  with  melted  tallow.  The  tallow 
congealed  at  once  and  held  the  water  while  the  joint  was  being  calked. 
Briquettes  made  of  melted  tallow  mixed  with  Portland  cement  and  sand, 
equal  parts,  acquired,  in  one  week,  a  tensile  strength  of  about  40  pounds 
to  the  inch.  After  a  month,  six  months  and  a  year,  they  were  little,  if 
any,  stronger.  It  was  thought  that  possibly  the  ammonia  in  the  sewage 
might  gradually  saponify  and  dissolve  out  the  grease,  leaving  the  mortar 
to  harden  by  itself.  Briquettes  of  cement  and  tallow  were  kept  in  water 
to  which  a  little  ammonia  was  added  from  time  to  time.  After  a  year 
or  two  the  briquettes  had  swelled  to  about  double  their  former  size,  but 
the  cement  had  acquired  no  strength. 

Experiment  No.  15. 

Having  occasion  to  build  with  concrete  a  large  monolithic  structure 
in  which  a  flat  wall  would  be  subjected  to  transverse  stress,  it  was  con- 
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sidered  necessary  to  make  experiments  to  find  the  comparative  resist- 
ance to  such  stress,  of  concrete  made  with  different  cements  and  with 
different  proportions  of  sand  and  stone. 

The  cements  used  in  the  tests  were  an  English  Portland  and  a  Kosen- 
dale,  both  good  of  their  respective  kinds.  Medium  coarse  pit  sand  was 
used,  and  screened  pebbles  about  an  inch  or  less  in  diameter.  The 
beams  were  10  inches  square  and  6  feet  or  less  long.  They  were 
made  in  plank  moulds  resting  on  the  bottom  of  a  gravel  pit  about  4  feet 
deep.  After  the  concrete  had  hardened  sufficiently,  the  moulds  were 
removed,  and  the  undisturbed  beams  buried  in  the  pit  and  left  for  six 
months  exposed  to  the  weather.  They  were  then  dug  out  and  broken, 
with  the  results  given  in  the  table.  The  total  breaking  loads  are  given, 
including  one-half  of  the  weights  of  the  beams,  which  averaged  about 
150  pounds  per  cubic  foot.  The  constant,  c,  is  obtained  for  the  for- 
mula— 


d2  X  b 

W  =  ; X    C, 


f    w  =  center  breaking  load  in  pounds. 
d  =  depth  of  beam  in  inches, 
in  which   \      b  =  breadth  of  beam  in  inches. 

I  =  distance  between  supports  in  feet. 
[_     c  =  a  constant. 

Since  c  has  an  average  value,  and  there  were  generally  more  beams 
of  one  length  than  of  the  other,  the  value  of  c  as  given  does  not  exactly 
correspond  with  either  load  in  the  table. 

TABLE  No.  20. 


Proportion  of  Materials. 

Average  Center  Breaking 
Weight  in  pounds. 

Average 

Modulus 

ofRupture 

in  pounds. 

Average 
Value  of  c 
in  pounds. 

Cement. 

Sand. 

Stone. 

Dist.  bet. 
Supports, 

2'4JT 

Dist.  bet. 

Supports, 

5'. 

Rosendale  1. . . 

1... 

Portland  1 . .  .  . 

1.... 

2 
3 
3 

4 
6 

5 
7 
7 
9 
11 

1782 

Beams  broke 

3926 

3648 

2822 

690 

in  handling. 

1995 

67 

176 
146 
112 

3  7 

9.8 

8.1 

1.... 

1190 

6.2 
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The  table  shows  that  concrete  has  a  rather  low  modulus,  especially 
when  made  of  Eosendale  cement.  When  transverse  stress  is  to  be 
opposed  it  is  very  important  to  give  ample  time  for  the  concrete  to 
harden. 

Experiment  No.  16. 

Many  of  the  main  drainage  sewers  were  either  built  or  lined  with 
concrete,  which  was  always  smoothly  plastered  with  a  coat  of  mortar. 
It  was  important  that  this  surface  coat  should  be  especially  adapted  to 
resist  abrasion.  This  experiment  was  made  to  ascertain  the  best  mix- 
ture for  the  purpose.  Different  mortars  were  formed  into  blocks  l£ 
inches  square,  and,  after  hardening  under  water  for  8  months,  were 
ground  down  upon  a  grindstone.  The  blocks  were  pressed  upon  the 
stone  with  a  fixed  pressure  of  about  20  pounds.  A  counter  was  attached 
to  the  machine,  and  the  number  of  revolutions  required  to  grind  off  0. 1 
inch  of  eae-h  block  was  noted.  The  cements  used  in  the  test  blocks 
were  a  rather  coarse  English  Portland  and  a  fair  Eosendale. 

The  curves  (Plate  V)  show  the  results  obtained.  In  making  these 
curves  the  resistance  to  abrasion  opposed  by  the  Portland  cement  mortar 
in  the  proportion  of  1  part  cement  and  2  parts  sand  is  assumed  to  be  100, 
and  the  resistances  of  other  mortars  is  compared  with  it.  The  effect  of 
the  grinding  upon  the  test  blocks  is  noted  on  the  curves,  and  explains 
the  somewhat  striking  results. 

It  appears  that  cements  oppose  the  greatest  resistance  to  abrasion 
when  combined  with  the  largest  amount  of  sand  which  they  can  just 
bind  so  firmly  that  it  will  grind  off  and  not  be  pulled  out.  A  little  less 
or  a  little  more  of  sand  may  greatly  lessen  the  resistance.  For  any 
given  cement  the  proper  amount  of  sand  would,  probably,  have  to  be 
ascertained  by  experiment. 

Experiment  No.  17. 

It  is  a  prevalent  belief  among  masons  that  cement,  even  when  it  con- 
tains no  free  lime,  and  does  not  check,  expands  considerably  after 
setting.  It  is  stated  that  brick  fronts  laid  with  cement  mortar  (es- 
pecially of  Portland  cement)  have  been  known  to  bulge,  and  even  rise, 
owing  to  expansion  in  the  mortar.  Experiments  were  made  to  ascertain 
what  truth  there  was  in  this  belief.  Several  dozens  of  glass  lamp  chim- 
neys were  filled  with  mortars  made  of  various  brands  of  American  and 
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Portland  cements,  both  neat  and  with  different  admixtures  of  sand. 
The  chimneys  were  immersed  in  water,  and,  without  exception,  began 
to  crack  within  three  days.  New  cracks  appeared  during  the  following 
ten  days,  after  which  time  hardly  a  square  inch  of  glass  remained  which 
did  not  show  signs  of  fracture.  This  showed  that  the  cement  certainly 
expanded,  though  very  slowly,  and  that  the  expansion  continued  for 
about  2  weeks.  None  of  the  cracks  opened  appreciably,  however, 
so  that  the  amount  of  expansion,  which  was  evidently  slight,  could  not 
thus  be  even  approximately  determined. 

A  number  of  10-inch  cubes  were  then  made  of  similar  mortars,  with 
small  copper  tacks  inserted  in  the  centers  of  all  the  sides.  Some  of 
these  cubes  were  kept  in  the  air,  and  others  immersed  in  water,  and  the 
sizes  of  all  of  them  were  measured  frequently  by  callipers  during  6 
months.  The  increase  in  size  did  not  in  any  case  exceed  .01  inch,  and 
may  have  been  less.  This  indicated  that,  while  cement  mortars  do  expand, 
the  increase  in  bulk  in  any  dimension  does  not  exceed  .001  part  of  that 
dimension,  and  is  too  slight  to  be  of  consequence.  In  the  case  of  the 
walls  before  referred  to,  supposing  them  to  have  been  80  feet  high,  with 
five  i-inch  joints  to  each  foot,  the  total  height  of  mortar  would  have  been 
100  inches,  and  the  extreme  expansion  of  the  whole  could  only  have 
been  .  1  inch.  It  is  probable  that  the  apparent  rise  was  merely  a  differ- 
ence in  elevation  caused  by  settlements  of  partition  or  side  walls  laid 
witli  weaker  and  compressible  mortar. 

Experiment  No.  18. 

It  having  been  reported  that  cement  mortars  in  contact  with  wood 
had  sometimes  been  found  to  be  disintegrated,  as  if  they  might  have 
been  affected  by  the  wood  acids,  this  experiment  was  made  to  see  if  any 
such  effect  could  be  detected.  About  a  dozen  boxes  were  made,  each 
formed  of  five  different  kinds  of  wood,  viz. ,  oak,  hard  pine,  white  pine, 
spruce  and  ash.  The  boxes  were  filled  with  different  cement  mortars, 
and  were  some  of  them  submerged  in  fresh  and  others  in  salt  water. 
Briquettes  were  also  made  of  cements  mixed  with  different  kinds  of  saw- 
dust. At  the  end  of  a  year  no  effect  upon  the  cements  could  anywhere 
be  detected. 

Experiment  No.  19. 

Engineers  are  accustomed  to  insist  on  cement  mortars  being  used 
before  they  have  begun  to  set,  and  on  their  being  undisturbed  after 
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that  process  lias  begun.  With  cements  which  set  quickly  workmen  are 
tempted  to  retemper  the  mortar  after  it  has  begun  to  stiffen.  Some  ex- 
periments were  made  on  mortars  which  were  undisturbed  after  first 
setting,  and  others  which  were  retempered  from  time  to  time.  Unfor- 
tunately all  of  the  conditions  of  these  tests  were  not  accurately  recorded, 
and  the  results  are  not  considered  trustworthy.  The  following  series  of 
tests,  which  represents  an  extreme  case  not  met  with  in  actual  practice, 
may  be  of  interest. 

A  mortar  made  of  one  part  of  Portland  cement  and  two  parts  of  sand 
was  allowed  to  harden  for  a  week.  It  was  then  pulverized,  retempered 
and  made  into  briquettes.  These  subsequently  acquired  the  following 
tensile  strength  in  pounds  per  square  inch  : 

1  week 7 

1  month 13 

6  months 49 

2  years 93 

Under  the  circumstances  it  is  somewhat  surprising  that  the  mortar  de- 
veloped as  much  strength  as  it  did.  Good  tests  to  elucidate  this  subject 
are  much  needed. 

EXPEKIMENT    NO.    20. 

A  brand  of  "Selenitic"  cement  was  offered  for  use  on  the  work,  and 
was  said  to  possess  great  merits.  It  was  made  by  treating  an  ordinary 
American  cement  by  a  patented  process .  It  was  tested  by  comparing 
it  with  an  untreated  sample  of  the  same  cement  of  which  it  was  made. 
The  following  are  the  results  of  the  tests  : 
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TABLE  No.  21. 


Mixture. 

Kind  of 
Cement. 

IDay. 

1  Week. 

1  Month. 

6  Months. 

1  Year. 

Neat 
Cement, 

Untreated  .... 

124 
149 

135 

168 

140 
171 

164 

282 

186 
273 

Cement,  1, 

Untreated  .... 

121 

120 

92 

103 

176 

158 

296 
276 

316 

Selenitic 

356 

Untreated  .... 

154 
133 

259 
226 

305 

Sand,  2 

Selenitic 

276 

Untreated 

38 
49 

87 
97 

158 
167 

168 

164 

The  breakings  are  somewhat  irregular,  but  seem  to  show  that  this 
cement  was  made  somewhat  stronger  by  the  selenitic  process  of  treat- 
ment when  tested  neat,  but  was  little,  if  at  all,  improved  for  use  as  a 
mortar;  not  enough,  certainly,  to  compensate  for  the  higher  cost. 
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BRIQUETTE . 


PA  T  OF  CEMEN  T 
TES  TED  FOR  CHECK  CM  CAS. 


TUBE  AND  BOX 
FOR  WEIGHING  CEMENT. 
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PAN  TOR  KEEPING  BRIQUETTES. 


Fig.  3. 


Fig.  7. 


LIGHT  &  HEA  VY  WIRES. 
Fig.  5. 


Fig.  6. 


SCOOP 


=h»     Fig.  8. 
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BARREL  OF  CEMENT 
60  PER  CENT  FINE 


BARREL  OF  CEMENT 
90 PER  CENT  FINE 


gill 
I 


-i 
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CHIMNEY    CONSTRUCTION. 

THE  PACIFIC  MILLS  CHIMNEY  AT  LAWRENCE,  MASS.,  DE- 
SIGNED BY  HIRAM  F.  MILLS,  C.  E.— THE  MERRIMACK 
MANUFACTURING  COMPANY'S  CHIMNEY  AT  LOWELL, 
MASS.,  DESIGNED  BY  J.  T.  BAKER,  C.  E.— THE  STATION 
B  CHIMNEY  OF  THE  NEW  YORK  STEAM  COMPANY,  DE- 
SIGNED BY  CHARLES  E.  EMERY,  M.  AM.  SOC.  C.  E.— THE 
CHIMNEYS  OF  THE  CAMBRIA  IRON  COMPANY,  BY 
GEORGE  WEBB,  GENERAL  AGENT  OF  THE  COMPANY. 


THE  PACIFIC  MILLS  CHIMNEY  AT  LAWRENCE,  MASS.,  U.  S.  A. 

By  Hikam  F.  Mills,  C.  E. 

The  Pacific  Mills  chimney  designed  by  me  and  built  under  my  di- 
rection by  Capt.  B.  F.  Chadbourne  in  1873-4  consists  (see  Plate  YI) 
of  an  outside  octagonal  shell  222  feet  high  above  ground,  -with  a  distinct 
interior  shell  or  core  8  feet  6  inches  in  diameter  inside,  extending  1  foot 
above  the  top  of  the  outer  shell,  and  11  feet  below  the  surface  of  the 
ground. 

Note.— These  papers  have  been  kindly  prepared  by  the  writers  at  the  special  request  of 
the  Secretary  of  the  Society. 
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The  whole  is  founded  at  a  depth  of  19  feet  below  the  surface  of  the 
ground  upon  a  bed  of  clean,  sharp,  coarse,  mortar  sand  35  feet  square, 
which  is  inclosed  by  a  tight  sheet  of  pine  plank  piling  3  inches  thick, 
driven  5  feet,  and  standing  one  and  one  half  feet  above  the  bed.  This 
bed  of  sand  is  covered  with  a  bed  of  concrete  1  foot  thick,  and  upon  this 
rests  the  pyramidal  foundation  of  large  stones  of  amorphous  granite  laid 
in  cement  mortar,  in  irregular  layers,  having  the  top  of  each  roughly 
leveled  by  pointing  off  the  bunches.  This  mass  of  stone  work,  35  feet 
square  at  the  base,  is  7  feet  high  and  29  feet  square  at  the  top,  at  the 
level  of  the  bottom  of  the  flue.  The  brick  flue  walls  are  surrounded  on 
three  sides  by  stone  walls  6  feet  thick,  having  outside  corners  clipped 
for  the  height  of  5  feet,  and  with  walls  5  feet  thick  for  the  remaining 
height  of  6  feet. 

Upon  this  stone  work  and  upon  two  cast-iron  girders  spanning  the 
flue  space  resting  upon  this  stone  work  rises  the  outer  shell  of  the 
chimney,  octagonal  in  form,  the  base  stone,  20  inches  high,  being 
placed  22  feet  8  inches  from  outside  to  outside,  above  which  is  paneled 
brick  work  3  feet  thick,  with  vertical  sides  18  feet  6  inches  high  and  21 
feet  8  inches  from  face  to  face,  surrounded  by  a  belt  oi  granite  16  inches 
thick  and  22  feet  4  inches  across  from  side  to  side.  Upon  this,  with  a 
width  of  20  feet,  begins  the  battering  shaft,  which,  with  a  straight  batter 
for  160  feet,  draws  in  to  a  width  of  12  feet.  The  batter  then  changes,  and 
in  a  height  of  10  feet  the  width  becomes  11  feet  8  inches,  and  in  10  feet 
more  it  becomes  11  feet  6  inches,  above  which  the  walls  are  vertical, 
with  the  projections  at  the  corners  shown  in  the  elevation.  These  pro- 
jections, joining  by  arches,  produce  a  width  of  12  feet  8  inches,  above 
which  the  head  enlarges  to  a  width  of  13  feet  8  inches,  having  vertical 
sides  3  feet  6  inches  high. 

The  walls  of  the  head  are  21  inches  thick,  decreasing  at  the  arches  to 
8  inches,  which  continues  to  10  feet  below  the  top  ;  then  for  60  feet  the 
thickness  is  12  inches  ;  for  40  feet  it  is  16  inches  ;  for  20  feet  it  is  20 
inches;  for  18  feet  it  is  24  inches,  and  for  12  feet,  or  down  to  the  granite 
belt,  it  is  28  inches. 

Within  the  outer  shell  and  built  up  with  it  are  four  inside  buttresses, 
2  feet  thick  for  a  height  of  27  feet  above  the  bottom  of  the  flue,  and  1 
foot  thick  for  their  remaining  height  of  154  feet.  The  inside  face  of  the 
buttresses  was  built  1  inch  from  the  outside  of  the  flue  wall.  The  head 
of  the  outer  shell  is  covered  with  16  cast-iron  plates  §  inch  thick,  held 
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in  place  by  flanges  and  by  64  copper  bolts  2  feet  6  inches  to  2  feet  10 
inches  long  and  f  inch  diameter. 

The  horizontal  flue  entering  the  chimney  is  7  feet  6  inches  wide,  and 

7  feet  6  inches  high  inside.  Its  walls  are  16  inches  thick  for  a  height 
of  5  feet,  above  which  they  are  12  inches  thick.  It  is  covered  by  cast- 
iron  girders  2  feet  7  inches  apart,  between  which  are  small  girders  run- 
ning lengthwise  of  the  flue,  far  enough  apart  to  receive  one  length  of 
bricks,  with  their  ends  resting  upon  the  flange  at  the  bottom. 

Upon  passiug  through  the  outer  shell  the  walls  of  the  flue  thicken  to 

2  feet,  and  support  a  cast-iron  girder,  upon  which  rests  nearly  one-third 
of  the  circumference  of  the  vertical  flue. 

This  girder  is  kept  back  from  the  inside  of  the  flue,  that  the  gases 
may  not  come  in  contact  with  it.  As  the  flue  bends  upward  the  section 
is  enlarged,  and  the  top,  covered  with  cross  girders  about  9  inches  apart, 
curves  with  a  radius  of  5  feet.  The  bottom  of  the  flue  also  bends  up- 
ward, having  a  radius  of  curvature  of  9  feet  9  iuches. 

The  vertical  flue  is  a  cylinder  8  feet  6  inches  in  diameter  inside,  and 
231  feet  high,  having  walls  of  the  following  thickness  and  height : 
20  inches  thick,    20  feet  high. 
16       "  "        17      "       " 

12       "  "        52      "       " 

8       "  "      145      " 

Six  inches  below  the  top  of  the  flue  wall  was  placed  a  cast-iron  disc, 
covering  7  inches  of  the  thickness  of  the  wall,  and  projecting  outward 

8  inches,  covering  the  space  between  the  core  and  the  outer  shell,  and 
upon  this  the  wall  was  topped  out  with  eight  pieces  of  firebrick,  about 

3  feet  7  inches  long,  8  inches  wide  and  6  inches  deep,  held  in  place 
by  copper  bolts  set  in  the  wall. 

The  foundation  stones  were  laid  in  mortar,  made  of  one  part  Rosen- 
dale  cement  and  two  parts  of  sand. 

The  outer  shell  was  laid  in  mortar,  made  of  one  cask  of  cement,  two 
casks  of  lime,  and  six  casks  of  sand  up  to  the  bottom  of  the  8  inch  w^all ; 
then  with  one  cask  of  cement,  one  cask  of  lime,  and  four  casks  of  sand 
up  to  the  projections,  above  which  the  cement  was  increased  to  equal 
in  volume  the  lime  paste. 

The  mortar  for  the  flue  walls  was  made  throughout  of  one  cask  of 
lime  and  two  casks  of  sand. 

The  stone  foundation  was  laid  between  September  16th  and  October 
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16th,  1873.  The  brick-work  was  continued  from  October  17th  till 
December  5th,  when  the  outer  shell  was  50  feet  above  the  ground,  and 
the  flue  carried  on  to  90  feet  above  the  ground,  that  it  might  be  used  for 
a  part  of  the  boilers. 

On  March  7th,  1874,  boilers,  having  452  square  feet  of  grate  surface, 
burning  anthracite  coal,  were  connected  with  the  chimney  in  this  condi- 
tion, with  satisfactory  results.     This  use  was  continued  till  June  15th. 

On  June  5th,  began  to  build  up  brick  work  of  outer  shell,  having 
taken  down  5  feet  of  that  built  in  the  winter.  On  June  22d,  1874,  began 
to  build  up  the  core  from  height  of  79  feet  above  the  ground,  having 
taken  down  11  feet  in  height  of  that  built  in  the  winter.  On  September 
15th,  1874,  finished  building  the  chimney,  and  began  to  take  the  staging 
down. 

All  work  of  construction  above  ground  was  from  an  outside  staging. 

The  approximate  weight  of  the  chimney  is  2  250  tons,*  of  which  the 
stone-work  weighs  817  tons;  the  outer  shell,  with  buttresses,  1  088  tons, 
and  the  inner  shell  345  tons.  The  number  of  bricks  used  was  about 
550  000. 

The  chimney  is  opposite  the  middle  of  a  line  of  twenty-eight 
boilers,  and  210  feet  distant  from  them.  Of  this  length  130  feet  con- 
sists of  two  flues  7  feet  wide  and  4  feet  high  inside,  running  into  one 
flue  80  feet  long  and  7  feet  6  inches  square,  which  enters  the  chimney. 
The  bottom  of  the  flue  at  the  chimney  is  about  level  with  the  grates. 

This  chimney  was  designed  to  serve  for  boilers  having  700  square  feet 
of  grate  surface,  burning  about  13  pounds  of  anthracite  coal  per  square 
foot  of  grate  surface  per  hour. 

This  chimney  was  struck  by  lightning  on  the  28th  of  June,  1880, 
fifty-two  minutes  after  noon,  when  the  fires  were  burning  as  usual. 

Upon  making  repairs  a  lightning  rod  was  put  up,  which  consists  of  a 
seamless  copper  tube  1-fe  inches  outside  diameter  and  1  inch  inside 
diameter,  iu  lengths  of  15  feet.  The  ends  were  squared  and  a  thread  cut 
in  a  lathe  for  l£  inches.  The  couplings  were  4  inches  long,  with  3  inches 
of  thread  in  the  interior  and  J  inch  in  length  at  each  end,  plain,  and 
tightly  fitting  the  outside  of  the  pipe.  In  putting  up  care  was  taken  to 
have  the  ends  of  the  pipe  firmly  in  contact. 

At  the  top  are  7  points  from  a  ball  4  inches  in  diameter,  the  central 

*  Gross  tons,  of  2  240  pounds  avoirdupois. 
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point  being  2  feet  long,  the  others  1  foot  long.  The  top  of  the  central  point 
is  8  feet  6  inches  above  the  iron  cap  which  the  pipe  goes  through.  Inside  of 
the  upper  pipe,  and  extending  about  5  feet  above  the  iron  cap,  is  a  1-inch 
iron  rod,  8  feet  long,  to  stiffen  the  projecting  pipe.  The  pipe  is  buried  in 
brick-work  for  3  feet  through  the  head  of  the  chimney,  and  is  elsewhere 
held  by  brass  castings  §  inch  thick,  4  inches  wide,  projecting  out  2  inches, 
and  running  back  and  hooking  down  over  the  back  side  of  a  brick  £  inch, 
being  there  2  inches  wide  and  I  inch  thick.  These  were  set  in  the  mid- 
dle of  each  pipe  and  below  each  coupling.  One  expansion  joint  was  put 
in  at  mid-height. 

At  the  bottom,  the  pipe,  filled  with  a  copper  plug,  was  screwed  2  inches 
into  a  copper  cylinder  4  inches  long  and  about  4  inches  in  diameter, 
which  was  screwed  into  a  4-inch  cast-iron  pipe  §  inch  thick,  which 
stood  out  of  ground  about  5  inches  and  extended  vertically  below 
ground  about  5  feet,  and  then  inclined,  extended  60  feet,  entering  the 
canal  about  7  feet  below  the  surface  of  the  water. 


THE  MERRIMACK  MANUFACTURING    COMPANY'S   CHIMNEY, 
AT  LOWELL,  MASS. 

Designed  by  J.  T.  Baker,  C.  E. 

The  Merrimack  Manufacturing  Company's  chimney,  built  by  Staples 
Bros. ,  under  the  direction  of  J.  T.  Baker,  between  May  22d  and  Octo- 
ber 23d,  1882  (see  Plates  VII  and  VIII),  is  founded  on  a  ledge  of 
quartzose  sandstone.  The  top  of  the  ledge  on  the  northwest  side  of  the 
chimney  is  4  feet  below  the  surface  of  the  ground,  and  about  10  feet 
below  the  surface  on  the  southeast  side.  The  top  of  the  ledge  was 
roughly  broken  off  to  bring  it,  by  stepping,  to  approximately  horizontal 
beds;  it  was  then  leveled  up  to  the  highest  point  with  stone,  laid  in 
Portland  cement,  without  sand.  The  sub-foundation  was  then  built,  30 
feet  in  diameter,  to  a  height  of  3  inches  above  the  ground,  with  large 
granite  blockstone,  laid  rough  as  it  came  from  the  quarry,  having  par- 
allel and  exceptionally  straight  beds  and  builds.  On  this  was  set  the 
underpinning  of  granite,  2  feet  6  inches  rise  and  18  inches  wide,  having 
a  wash  6  inches  wide  cut  on  the  top.  The  underpinning  was  in  18  pieces, 
forming  in  plan  a  regular  polygon  of  18  sides,  29  feet  across;  inside  of 
and  up  to  the  top  of  the  underpinning  is  filled  in  with  large  granite 
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blockstone,  similar  to  those  in  the  lower  part  of  the  foundation.  The 
underpinning  is  set  in  clear  Portland  cement;  the  remainder  of  the  foun- 
dation (above  the  leveling  up)  is  laid  in  mortar  made  of  Newark  cement 
and  sand,  in  equal  parts  by  measure.  The  foundation  was  commenced 
on  May  22d  and  finished  June  17th.  At  the  top  of  the  underpinning  the 
brick-work  starts,  consisting  of  3  cylinders;  the  outside  one,  28  feet  in 
diameter  outside  and  24  inches  thick,  and  the  middle  one,  18  feet  in 
diameter  and  8  inches  thick,  being  tied  by  radial  walls,  with  buttresses 
inside  the  middle  cylinder,  separated  from  the  core  by  a  1-inch  space. 
The  buttresses  are  12  inches  thick  for  130  feet  in  height,  and  8  inches 
thick  for  the  remaining  height  of  150  feet.  The  inside  cylinder  or  core 
is  12  feet  inside  diameter  and  16  inches  thick.  On  one  side  of  the  chim- 
ney is  a  door  and  arched  passageway,  4  feet  wTide  and  7  feet  6  inches 
high,  the  bottom  being  at  the  top  of  the  underpinning,  giving  access  to 
the  chimney  flue.  The  middle  cylinder  is  carried  up  vertically  to  a 
height  of  75  feet  6  inches.  The  outside  ring,  battering  TVu  of  an  inch 
per  foot  to  a  height  of  100  feet,  reduces  the  space  between  the  two  to  4£ 
inches  at  the  height  of  75?  feet  above  the  underpinning,  where  the  space 
is  headed  over,bindingthe  two  cylinders  into  one  36£  inches  thick,  reduc- 
ing to  26i  inches  thick  at  the  100-foot  elevation,  where  the  batter  changes 
to  -fin,-  of  an  inch  per  foot.  For  a  further  height  of  60  feet  the  wall  is  20 
inches  thick;  for  70  feet  additional  the  wall  is  16  inches  thick,  and  for  a 
further  height  of  34  feet,  to  the  enlargement  for  the  head,  the  thickness 
is  12  inches.  At  the  commencement  of  the  head  the  wall  is  set  off  with  a 
3-inch  projection  on  the  outside  and  1  inch  on  the  inside,  making  a 
16-inch  wall  for  a  height  of  12J  inches,  then  a  further  set  off  of  3  inches 
for  a  height  of  17g  inches,  then  stepped  in  3  inches,  above  which  the 
brick-work  is  stepped  out,  forming  a  curve  with  a  radius  of  20  feet  for  a 
height  of  6  feet  6|  inches,  where  the  iron  cap  commences.  The  height 
of  the  cap  is  6  feet  11  inches  and  f  of  an  inch  in  thickness,  covering  the 
top,  and  returning  down  9  inches  on  the  inside  of  the  flue.  The  cap  is 
built  up  in  sections  and  is  bolted  together,  the  flanges  being  built  into 
the  wall,  which  is  built  up  to  the  top  inside  the  cap,  the  core  being 
stopped  6  inches  below  the  cap  to  allow  it  to  expand  freely.  The  core  is 
uniformly  12  feet  inside  diameter  to  the  top,  the  first  100  feet  in  height 
being  16  inches  thick;  for  a  further  height  of  60  feet,  12  inches  thick;  for 
90  feet  more,  8  inches  thick,  and  for  the  last  29 J  feet,  4  inches  thick;  it  is 
entirely  separate  from  the  outside,  excepting  about  the  doorway  and 
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openings  for  the  flues.  At  a  height  of  23i  feet  above  the  underpinning 
are  two  openings,  12  feet  high  and  5  feet  wide  (arched  top  and  bottom),  for 
the  admission  of  the  wrought-iron  flues,  the  center  lines  in  horizontal 
plane  forming  an  angle  of  135  degrees. 

The  foundation  was  commenced  May  22d,  1882. 

"   finished        June  17th. 

"     brick-work    "   commenced      "  24th, 

"   up  100  feet  August  5th. 

"  "  "     "  200     "         "  25th. 

"  "  "     "  270     "  September  13th,  ready  for  cap. 

"  finished  October  23d,  1882. 

There  was  a  delay  of  from  three  to  four  weeks,  caused  by  the  cap  not 
beiDg  ready;  the  outside  staging  was  all  down  before  the  brick-work  was 
finished,  the  finishing  being  done  from  the  inside  staging.  There  were 
but  two  and  one-half  stormy  days  from  the  time  the  brick-work  was 
commenced  until  it  was  finished,  and  two  of  these  occurred  while  wait- 
ing for  the  cap. 

The  sub  foundation  contains  6  875  cubic  feet;  weight  =  1  031  250  pounds 
The   shaft  (including   core,    255  458  bricks)   contains 

1  101  000 bricks  ;  weight 5  734375       " 

The  cap  weighs 18  600       " 

Total , 6  784  225       " 

or  3  392  tons  2  cwt.  The  brick  were  ordinary  hard-burned,  of  a  dark 
red  color,  and  common  size  and  shape,  being  about  8  in.  X  4  in.  X  2£ 
in.  The  core  was  laid  in  mortar  made  of  one  cask  of  lime  to  about  five 
casks  of  sand,  the  outside  shell  in  mortar  made  of  one  cask  of  lime,  one 
of  cement,  and  eight  or  nine  casks  of  sand.  The  sand  was  not  measured, 
but  enough  was  added  so  that  the  mortar  would  just  slip  clean  from  the 
hoe  and  trowel  when  being  worked.  On  the  southeast  side  of  the  chim- 
ney is  a  ladder  extending  from  the  ground  to  the  top  of  the  chimney, 
where  the  sides  are  drawn  in  and  a  rod  of  iron  l£  inches  in  diameter 
fastened  between  them,  which  is  surmounted  by  a  copper  ring  having 
four  spurs,  the  rod  which  passes  through  the  ring  forming  a  central 
point,  and  extending  8  feet  above  the  top  of  the  cap.  All  the  points  are 
polished  and  tinned,  and  with  the  ladder  form  a  lightning  conductor. 
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The  sides  of  the  ladder  at  the  bottom  are  drawn  in,  and  a  l|-inch  round 
rod  welded  at  each  end  to  a  piece  2\  in.  x  !  in.  is  fastened  between 
them,  one  end  of  the  rod  being  bent  so  as  to  be  in  contact  for  a  length 
of  about  6  feet  with  a  16  inch  water  pipe,  the  faces  in  contact  being 
polished,  and  the  connection  made  by  soldering  the  rod  firmly  to  the 
pipe.  The  sides  of  the  ladder  are  of  2  J -in.  x  f-in.  wrought  iron,  the 
joints  being  secured  by  a  splicing  piece  of  the  same  size  as  the  sides, 
and  14  inches  long;  the  surfaces  in  contact  being  polished,  and  bolted 
and  soldered  together,  making  a  continuous  connection  between  the  tips 
and  the  water  pipe.  The  sides  are  fastened  to  the  chimney  by  being 
bolted  to  pieces  of  2£-in.  X  |-in.  iron  at  intervals  of  5  feet,  projecting 
from  the  chimney  10  inches,  and  built  into  the  brick-work  about  12 
inches;  the  rounds  are  J  of  an  inch  in  diameter,  16  inches  long,  and  15 
inches  between  centers.  There  is  also  on  the  opposite  side  from  the 
ladder  a  f-inch  galvanized  iron  wire  rope,  tipped  like  the  ladder  (both 
being  connected  with  the  cap),  and  at  the  lower  end  the  wires  are  un- 
twisted for  a  length  of  4  feet,  spread  and  soldered  to  the  16-inch  water 
pipe  to  which  the  ladder  is  connected.  The  base  of  the  chimney  is  in 
the  boiler  house,  about  midway  of  its  length.  There  are  two  flues  of 
wrought  iron  entering  the  chimney,  one  from  the  southerly  side  being  5 
feet  by  6  feet,  taking  the  gases  from  six  sets  of  boilers.  Each  set  is  con- 
nected with  the  main  flue  by  a  flue  1  foot  by  6  feet,  the  main  flue  being 
1  foot  by  6  feet  where  the  first  branch  flue  joins  it,  and  increasing  in  size 
by  6  square  feet  for  each  set  connected  with  it.  The  other  main  flue  is 
5  feet  by  11  feet  where  it  enters  the  chimney,  being  designed  to  take 
the  gases  for  9  sets  of  boilers,  though  but  6  sets  are  now  connected. 
The  iron  flues  run  through  to  the  inside  of  the  core,  the  bottom  being 
curved  upward  with  a  curve  the  radius  of  which  is  10|  feet.  The 
boilers  are  vertical,  in  sets  or  nests  consisting  of  a  central  one  4  feet  in 
diameter,  and  24  feet  long,  with  six  others  arranged  around  it  in  a  circle, 
each  of  the  six  being  14  feet  long  and  42  inches  in  diameter.  Each  has 
61  tubes  of  2  inches  diameter.  The  boilers  are  rated  as  300  horse-power 
per  set.  Each  set  has  103^  square  feet  of  grate  surface,  making  for  the 
12  sets  now  in  place  a  total  of  1  239  square  feet  of  grate  surface,  burn- 
ing 10  to  12  pounds  of  bituminous  coal  per  square  foot  per  hour.  The 
bottom  of  the  chimney  flue  is  9  inches  above  the  top  of  the  grates. 
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Details  of  the  Merrimack  Chimney. 

Description  of  chimney Round. 

{i-inch  galvanized  iron 
wire  rope  and  ladder, 
both  copper  tipped. 

Cost  of  conductors  in  jdace $200. 

Total  height,  including  foundation 289|  feet. 

Height  from  ground  line  to  top 282|     " 

Outside  measurement  at  ground 30         " 

Inside  "  "         "     Solid. 

Outside  "  "   foundation 28  feet. 

Inside  "  "  "         12     " 

Outside  "  at  top  (under  head) ...  .15     "     6J  inches. 

Inside  "  "     "     12     " 

Average  diminution  of  shaft  from  ground  line,  $$>  of  an  inch  per  foot. 

Proportion  of  diameter  to  height One-tenth  (n>). 

Weight 3  392  tons  2  cwt. 

Number  of  brick  used 1  101  000. 

Stone  masonry 6  875  cubic  feet. 

Cast-iron  cap 18  600  pounds. 

Scaffold  used Both  inside  and  outside. 

Cost  of  scaffold Not  known;  about  $420. 

Cost  of  chimney  complete $18  500. 

-ci                         .    -,  \  Merrimack     Mfg.      Com- 

For  whom  constructed ->      pany >  LoweU>  *Maga> 

~.T,        ,     ...  (  Between    May    22d     and 

Wbenbmlt \      October  23d,  1882. 

Time  occupied  in  building Five  months. 

Engineer J.  T.  Baker. 

Builders Staples  Brothers. 

Nature  of  foundation Sandstone  ledge. 

Number  of  flues  from  boilers Two. 

Horse-power  of  boilers 3  600. 

Ordinary    brick,    hard 

Kind  and  shape  of  brick ■{  burned,   8"  long,  4"  wide 

and  2i"  thick. 
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THE  STATION  B  CHIMNEY  OF   THE  NEW  YORK  STEAM  CO. 
By  Chas.  E.  Emery,  M.  Am.  Soc.  C.  E. 

In  connection  with  the  plans  of  the  Merrimac  and  Pacific  Mills 
chimneys,  I,  at  the  request  of  the  Secretary,  present  a  brief  description 
of  the  chimney,  and  incidentally  of  the  boiler  station  of  the  New  York 
Steam  Company,  constructed  under  my  direction  at  "  Station  B  "  of  that 
company,  in  Greenwich  street,  between  Cortlandt  and  Dey  streets, 
New  York. 

This  chimney  may  be  called  a  "creature  of  circumstances,"  from 
the  fact  that  it  was  necessary  to  erect  boilers  of  sixteen  thousand 
horse-power  on  an  irregularly  shaped  plot  75  feet  in  width  and  on 
the  average  less  than  120  feet  deep,  and  the  chimneys  were  neces- 
sarily shaped  to  suit  the  space  available.  To  obtain  proper  floor  room 
the  boilers  were  arranged  in  four  tiers,  each  tier  in  a  separate  story  20 
feet  high,  besides  which  the  plans  provide  for  a  fifth  story  for  coal  storage 
and  a  basement  for  miscellaneous  uses.  Each  floor  is  arranged  for 
sixteen  boilers  of  250  horse- power  each,  which  are  placed  in  two  rows 
to  face  a  central  fire  room.  There  are  two  chimneys,  one  located 
between  the  boilers  on  each  side  of  the  fire  room  as  near  the  center  of 
the  building  as  the  shape  of  the  plot  permitted. 

Plate  IX  is  a  plan  view  of  one  story  of  the  building  and  includes  a 
horizontal  section  at  a  lower  elevation  through  the  vault  under  the  side- 
walk on  Greenwich  street ;  A  A  are  the  chimneys;  BB  the  elevators;  YY 
vertical  steam  drums;  DD  steam  pij)es  to  street;  EE  bases  of  columns 
of  the  elevated  railroad  in  street;  EE  is  the  fire  room,  and  G  a  circular 
staircase.  The  locations  of  boilers  are  numbered  from  1  to  16.  At  the 
left  are  si  own  the  floor  beams  in  position,  and  on  the  right  the  side  walls 
and  steam  drums,  CC,  of  some  of  the  boilers  are  represented. 

Figure  2,  Plate  X,  shows  on  the  right  a  vertical  transverse  section 
of  the  building,  with  a  boiler  in  position  on  one  floor,  and  at  the  left  a 
transverse  vertical  section  of  one  chimney. 

Figure  3,  on  the  same  plate,  shows  a  longitudinal  section  of  the  same 
chimney. 

The  whole  capacity  of  the  building  not  being  needed  at  first,  the 
walls  were  only  carried  up  to  an  elevation  of  88  feet  8  inches,  and  a  tem- 
porary roof  applied,  so  that  at  present  there  are  available  only  three 
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•stories  for  boilers  and  one  above  for  coal  storage.  The  south  chimney 
has  been  practically  completed.  The  north  one  is  extended  through 
the  temporary  roof  and  covered,  but  is  connected  with  the  other  by  a 
sheet-iron  casing  at  the  level  of  the  openings,  0  0.  There  are  now  in 
place  thirty -five  boilers,  aggregating  8,750  horse-power. 

Customers  were  first  supplied  with  steam  in  April,  1882,  since  which 
time  the  steam  pressure  has  been  maintained  continuously  day  and  night. 
The  coal  is  brought  from  the  dock  in  carts  and  wagons  and  dumped 
from  the  rear  street  into  small  cars  in  the  basement  of  the  rear  buildings. 
These  cars  are  run  back  to  the  elevators,  lifted  to  the  top  of  the  main 
building,  run  out  on  tracks  over  coal  bins  and  dumped,  the  coal  descend- 
ing by  gravity  through  chutes  in  front  of  each  alternate  column  and 
flowing  out  as  needed  on  the  several  fire  room  floors  close  alongside  the 
fronts  of  the  boilers.  The  ashes  pass  from  the  ash  pans  doAvn  chutes  in 
front  of  intermediate  columns  to  cars  in  the  basement.  These  cars  are 
hoisted  on  the  elevator  to  the  roof  of  the  rear  building,  run  out  on  tracks 
to  front  of  that  building,  and  the  ashes  dumped  into  a  chute,  from  which 
they  are  loaded  into  carts  on  the  street  below. 

The  boilers  are  of  the  sectional  type,  manufactured  by  the  Babcock 
&  Wilcox  Company . 

From  lack  of  room,  a  well-established  rule  was  necessarily  disregarded, 
and  the  lower  portions  of  the  chimneys,  instead  of  being  independent, 
were  made  part  of  the  buildiug;  the  section  of  each  being  rectangular 
and  corresponding  closely  to  the  floor  space  occupied  by  one  of  the 
boilers.  Within  the  building  the  outside  of  the  chimney  walls  are 
vertical;  the  offsets,  due  to  reducing  the  thickness  of  walls  upward,  being 
inside  the  flue.  Above  the  roof  the  inside  of  flue  is  parallel,  and  the 
walls  are  decreased  on  the  outside,  each  offset  being  marked  by  a  belt  of 
granite  blocks,  forming  a  water  table.  The  lining  extends  only  to  the 
roof  line,  and  is  put  in  in  sections,  supported  on  the  internal  offsets . 
The  lower  £>art  of  each  chimney,  above  the  footings,  is  32  feet  long  out- 
side, and  13  feet  wide.  The  flue  at  the  top  is  27  feet  10  inches  long 
and  8  feet  4  inches  wide.  The  south  chimney  is  topped  out  at  a  height 
of  220  feet  above  high  water,  or  221  feet  above  its  foundation.  The  top 
of  chimney  is,  therefore,  201  feet  above  the  grates  of  the  lower  tier  of 
boilers,  but  only  141  feet  above  the  grates  of  the  upper  tier  of  boilers. 

The  foundations  of  the  walls  of  the  building  are  at  the  elevation  of 
mean   high   water,  and   the  chimney   and   column   foundations  1  foot 
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below.  The  foundations  are  of  concrete,  laid  directly  on  the  sand  of  the 
old  beach,  which  formerly  extended  to  this  point.  The  sand  was,  for  the 
greater  part,  quite  fine,  but  there  were  pockets  of  sharp  gravel  containing, 
at  some  points,  small  stone.  The  foundations  were  below  the  spring 
line,  and  the  sand,  being  thoroughly  saturated  with  water,  would  flow 
when  disturbed  or  undermined.  The  walls  of  most  of  the  buildings  in 
the  vicinity  were  laid  on  longitudinal  timbers,  located  at  or  near  the  line 
of  high  water,  and  showed  no  cracks  or  signs  of  settlement.  The 
chimney  and  boiler  house  were,  however,  to  be  exceptionally  heavy;  so 
it  was  thought  desirable,  before  beginning  work,  to  test  the  bearing 
power  of  the  sand,  preliminary  to  which  a  test  pit  was  sunk  until  the 
water  became  troublesome,  when  an  iron  tube  was  started  down  with  a 
view  of  detecting  any  covered  mud  or  other  want  of  homogenity  due  to 
the  shifting  of  the  river  bank.  All  preliminary  work  was,  however, 
promptly  stopped  by  the  management ;  the  statement  of  possible 
difficulties  being  considered  valueless  as  against  the  opinion  of  builders 
and  others  that  a  good  foundation  could  be  obtained  without  piling  at 
that  location.  The  bases  of  the  foundations  could  not  be  spread  so  as  to 
reduce  the  pressure  on  the  sand  below  4  tons  per  square  foot  for  the 
finished  structure;  and,  before  one-third  of  this  pressure  was  reached, 
it  became  evident  that  the  wet  sand  was  compressible,  and  limited 
settlements  took  place  which  were  not  entirely  uniform,  as  the  chimney 
foundation  received  its  full  load  before  that  caused  by  the  boilers  was 
received  on  the  foundations  of  columns  and  walls.  Eventually  some 
narrow  vertical  cracks  appeared,  which  relieved  the  strains,  apparently 
without  any  material  injury  to  the  structure. 

The  concrete  foundation  under  walls  of  building  is  9  feet  wide  and  2  to 
4  feet  thick;  under  the  chimney,  22  feet  wide  and  4  feet  thick,  and  under 
the  two  rows  of  columns,  18£  feet  wide  and  3  feet  thick.  The  two 
chimney  foundations  are  joined  by  a  brick  invert.  Concrete  at  the 
elevation  of  that  under  the  side  walls  was  first  extended  over  the 
entire  area  of  the  building,  and  an  additional  layer,  1  foot  thick,  applied 
afterward,  the  surface  of  which  forms  the  basement  floor.  The  walls  are 
racked  out  at  the  bases  to  a  width  of  8  feet.  The  enlarged  base  of 
chimney  is  20  feet  wide.  The  walls  of  chimney,  just  above  the  footings, 
are  3  feet  thick  at  the  rear,  3  feet  8  inches  on  the  sides,  and  5  feet  on  the 
front  (toward  the  other  chimney).  The  walls  decrease,  as  shown  on 
plan,  to  20  inches  thick   at  the   top   of  chimney.     An  archway,  A,  is 
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provided  through  the  base  of  each  chimney,  as  a  means  of  communica- 
tion between  different  parts  of  the  basement.  The  opening,  B,  is  provided 
to  clean  the  interior  of  chimney.  On  each  floor  and  at  each  side  of 
chimney,  at  rear  of  boilers,  are  provided  the  openings,  C  C  C  C,  shaped  to 
connect  the  horizontal  flues  from  boilers,  the  openings  being  strengthened 
by  complete  blind  arches,  <1  il  <1<1,  above  the  partial  arches  at  tops  of  flue 
openings.  The  openings,  0  0  0  0,  are  designed  for  the  application  of 
economizers  in  the  future,  the  gases  to  be  brought  out  of  the  lower  ones 
and  returned  to  chimney  through  the  upper  ones.  The  upper  part  of 
chimney  is  stayed  at  ///  by  iron  rods  passing  through  struts  of  pipe. 

A  fixed  iron  ladder  is  attached  to  the  interior  face  of  chimney,  and 
connected  at  top  with  points  and  at  bottom  with  cable  to  form  a  light- 
ning protector.  It  was  designed  to  make  the  top  of  the  chimney  with  a 
projecting  platform  and  iron  reticulated  balustrade,  as  shown  by  design 
at  upper  part  of  Plate  X,  in  which  case  the  chimney  would  have  been 
232  feet  above  high  water.  It  was  hoped  that  by  painting  the  balustrade 
prominently  it  would  give  the  effect  of  a  capital  to  the  shaft  without  the 
weight  of  actual  surface  projections.  For  various  reasons,  however,  the 
top  was  finished  with  a  granite  coping  at  the  elevation  of  220  feet  above 
high  water,  as  previously  stated  ;  a  simple  footboard  being  provided 
about  the  chimney,  as  shown,  with  an  iron  handrail  secured  in 
coping  stones. 

Although  the  chimney  appears  slender  the  narrow  way,  it  is  supported 
by  the  walls  to  the  elevation  of  openings,  0  0,  and  above  that  point  it  is 
calculated  to  have  ample  weight  to  resist  the  overturning  moment  caused 
by  a  wind  pressure  of  50  pounds  per  square  foot  on  the  area  of  one  flat 
side. 

The  writer  takes  pleasure  in  acknowledging  the  valuable  services  of 
Mr.  H.  W.  Brinckerhoff,  M.  Am.  Soc.  C.  E.,  Assistant  Engineer  in 
immediate  charge  of  the  work  during  design  and  construction,  and  at  a 
later  date  of  those  of  Mr.  Thos.  E.  Brown,  Jr.,  M.  Am.  Soc.  C.  E.,  who 
was  associated  with  Mr.  Brinckerhoff. 

These  designs  have  accomplished  their  purpose  for  the  particular 
conditions  encountered;  but  the  necessity  of  putting  the  plant  on  such 
limited  space  has  largely  increased  the  cost  of  the  work,  and  caused 
continual  embarrassments  in  the  details  of  the  internal  arrangements. 
The  other  stations  being  located  where  land  is  less  valuable,  larger  plots 
have  been  obtained  and  different  designs  throughout  can  be  employed. 
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DISCUSSION. 

Wm.  E.  Wobthen,  M.  Am.  Soc.  C.  E. — How  much  coal  do  you  use  ? 
Mr.  Emery. — At  present  about  100  tons  per  day  iu  the  summer  and 
200  tons  in  the  winter.  The  station  when  completed  will  have  a  capacity 
for  consuming  700  to  800  tons  per  day,  but  there  is  so  much  difference 
between  the  demand  for  steam  during  day  and  night  that  it  is  not  proba- 
ble more  than  400  tons  per  day  will  be  used. 

Wm.  G.  Hamilton,  M.  Am.  Soc.  C.  E. — How  will  they  get  the 
coal  in  ? 

Mr.  Emeky. — That  has  been  quite  a  study.     The  present  arrangements 
will  probably  answer  for  a  consumption  of  300  tons  per  day.     Eventu- 
ally we  will  arrange  to  land  coal  cars  on  the  dock  in  New  York  at  night, 
haul  them  to  the  rear  of  the  building,  shoot  the  coal  into  hoppers,  and 
convey  and  elevate  it  in  the  same  manner  as  grain.       We  have  estimates 
for  apparatus  of  this  kind  guaranteed  to  put  in  position  1  000  tons  per 
night.     We  are  so  near  the  river  that  there  has  been  some  talk  of  elevat- 
ing the  coal  from  a  dock  opposite  and  running  it  back  with  conveyers 
on  an  elevated  trestle  to  the  top  of  the  building. 
Mr.  Worthen. — What  sort  of  grates  do  you  use  ? 
Mr.  Emery. — The  ordinary  grates,  usually.     We  have  now  a  shaking 
grate  that  operates  very  well,  and  assists  considerably  in  cleaning  the  fires. 
Mr.  Worthen. — How  often  do  you  clean  them  ? 
Mr.  Emery. — The  fires  are  cleaned  with  a  hoe  once  every  six  hours. 
Mr.  Worthen. — How  much  horse-power  ? 

Mr.  Emery. — We  are  now  operating  about  2  500  horse-power  of  boil- 
ers in  the  summer  and  5  000  in  the  winter. 

Theodore  Cooper,  M.  Am.  Soc.  0.  E. — With  the  sort  of  coal  you  are 
using  I  should  think  it  would  be  better  to  clean  every  four  hours.  I 
should  think  that  clinkers  would  form  so  as  to  be  unmanageable  by  leav- 
ing the  fires  without  cleaning  so  long. 

Mr.  Emery. — On  shipboard  it  is  customary  to  clean  fires  every  four 
hours;  but  as  we  change  the  watch  at  the  station  every  six  hours  the 
firemen  are  expected  to  clean  each  fire  once  every  watch  thoroughly 
with  a  hoe,  and  break  them  up  and  pick  out  clinkers  as  often  as  may  be 
necessary.     The  new  bar  we  have  seems  to  give  very  good  results. 

Mr.  Cooper. — Yes,  that  grate  works  very  well  wherever  I  have  seen 
it;  but  they  are  cleaned  every  two  hours. 
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Mr.  Emery. — I  think  that  would  be  too  often.  A  shaking  grate  can 
be  operated  every  two  hours;  but  with  this  grate  we  allow  the  ashes  to 
accumulate,  then  partially  revolve  the  grates,  cutting  out  the  bottom  of 
the  superincumbent  mass,  and  it  is  desirable  to  let  a  considerable  thick- 
ness of  ashes  and  clinkers  accumulate,  so  as  not  to  waste  coal.  We  find 
by  the  use  of  steam  jets  that  few  clinkers  are  formed. 

Mr.  Hamilton. — Have  you  tried  a  mixture  of  soft  coal  and  dust  ? 

Mr.  Emery. — We  have  tried  experiments  with  dust,  both  with  and 
without  a  mixture  of  soft  coal.  The  results  were  not  advantageous,  as 
compared  with  our  present  methods.  Very  many  more  boilers  were 
required  to  obtain  the  same  power,  and,  as  we  already  fire  two  of  our 
250  horse-power  boilers  with  one  man,  we  would  be  obliged  to  employ  a 
man  for  every  two  boilers  added.  The  dust  does  not  give  as  high  an 
evaporative  efficiency  as  the  smaller  coals,  with  dust  excluded ;  so  the 
losses  from  this  source,  together  with  additional  labor,  j)retty  nearly 
balance  the  difference  in  price  of  coal.  Moreover,  we  must  be  prepared 
at  all  times  for  a  sudden  demand  for  steam,  and  with  dust  there  is  no 
reserve  power. 

F.  C.  Prindle,  M.  Am.  Soc.  C.  E. — Does  the  pressure  vary  much 
with  the  varying  demand  for  steam  ? 

Mr.  Emery. — Not  very  much.  We  maintain  80  pounds  pressure, 
within  5  pounds  most  of  the  time.  Since  April,  1882,  the  pressure  has 
been  down  to  GO  pounds  but  two  or  three  times,  and  then  only  for  a 
short  time. 

A.  Fteley,  M.  Am.  Soc.  C.  E.— Do  the  boiler  flues  enter  at  right 
angles  or  with  curves  ? 

Mr.  Emery. — They  enter  the  large  chimney  at  right  angles.  There 
is  no  opportunity  to  make  curves.  The  chimney  is  so  large  that  this 
fact  does  not  seem  to  affect  the  draft. 

Mr.  Cooper. — Do  you  measure  the  draft  ? 

Mr.  Emery. — We  have.  We  readily  get  three  quarters  of  an  inch  of 
water  at  the  fronts  of  the  boilers. 

J.  P.  Davis,  M.  Am.  Soc.  C.  E. — Is  the  material  common  brick  ? 

Mr.  Emery. — Yes,  sir. 

Mr.  Cooper.— How  hot  do  you  suppose  the  gases  are  in  the  chim- 
ney ? 

Mr.  Emery. — Occasionally  as  hot  as  460°  to  480°;  but  usually  below 
400°. 
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THE     "CRINOLINE"  CHIMNEYS  OF  THE  CAMBRIA  IRON 
COMPANY  AT  JOHNSTOWN,  PA. 

By  Mr.   George  Webb. 

These  chimneys  (Plate  XI)  are  connected  to  the  boiler-house  by 
underground  brick  conduits,  and  are  intended  as  "uptakes"  for  the 
unused  gases.  The  surplus  gases  are  used  for  generating  steam,  and 
but  little  is  left  after  passing  under  the  boilers.  Sometimes  the  fires 
under  the  boilers  must  be  reinforced  with  raw  coal,  in  which  case  the 
chimneys  convey  some  smoke.  The  ground  is  bad,  and  hence  there  is  a 
deep  foundation  of  masonry  below  the  surface.  From  the  entrance  of 
the  conduit  to  about  8  feet  above  the  surface,  the  base  of  the  chimney 
is  hexagonal,  of  hammered  stone,  surmounted  by  a  cut-stone  coping. 
Six  3-inch  anchor  bolts  are  built  into  this  base  and  provided  with  suit- 
able nuts  to  hold  down  a  base-plate  4  inches  thick,  and  with  an  upward 
projecting  rim  six  inches  high  around  a  circle  12  feet  in  diameter. 
From  this  base-plate  it  is  140  feet  to  the  top  of  the  chimney.  At  the 
top  is  a  moulded  cast-iron  plate  similar  to  the  base-plate,  with  the  rim 
projecting  downward,  10  feet  2  inches  in  diameter.  The  batter  is, 
therefore,  22  inches  in  140  feet. 

Between  these  two  plates  the  "  crinoline"  is  constructed.  It  consists 
of  sixteen  vertical  lines  of  ordinary  wrought-iron  railroad  rails,  4-inch 
base,  with  the  base  outward,  surrounded  by  forty-five  hoops.  The  rails 
may  be  in  sections  of  any  length  which  will  allow  of  the  splice  being 
riveted  to  a  hoop,  care  being  taken  to  avoid  having  more  than  one  rail- 
splice  on  the  same  hoop.  Well-selected  old  iron  rails  with  good  bases 
or  sound  sections  of  No.  2  or  No.  3  rails  are  as  good  as  any. 

The  hoops  are  of  wrought  iron,  rolled  from  iron  J  inch  thick  into  the 
section  shown  in  Fig.  1. 
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Each  hoop  is  in  two  pieces,  bent  cold  to  a  true  segment  in  a  wedge- 
adjusting  bending-macbine,  which  allows  any  desired  delicacy  of  touch. 
The  piece  lies  on  edge  while  being  bent,  the  "former"  being  more 
readily  tried  in  that  way.  If  bent  hot  the  curve  cannot  be  maintained 
while  cooling. 

The  two  halves  of  each  hoop  are  spliced  on  the  inside  with  flat  plates, 
secured  with  four  rivets  and  one  bolt  in  each  end  of  each  section,  care 
being  taken  that  at  least  three  hoops  shall  intervene  solid  before  another 
hoop-splice  is  made  between  the  same  verticals.  There  are  45  hoops,  the 
bottom  one  being  near  the  base-plate  projection,  and,  therefore,  about 
12  feet  in  diameter.  The  distance  in  the  clear  from  this  hoop  to  the 
next  one  above  is  22  inches.  The  clear  distance  between  each  pair  of 
hoops  gradually  increases  from  the  bottom  to  the  top,  the  distance  in 
the  clear  between  the  top  hoop  and  the  next  below  being  54  inches. 

Each  hoop  is  riveted  to  each  rail  with  two  rivets,  one  in  the  upper 
flat  space  of  the  hoop  and  the  other  on  the  other  flange  of  the  rail  in  the 
lower  flat  space  of  the  hoop. 

The  iron  skeleton  thus  made  is  so  stable  that  no  scaffolding  is  used 
in  construction.  Two  boards  across  a  lower  ring  will  hold  a  portable 
forge.  A  rail  section  is  hauled  up,  put  in  place,  adjusted  and  riveted; 
then  others  in  the  same  way. 

The  center  opening  of  the  chimney  is  8  feet,  which  is  preserved 
throughout.  The  bricks  fill  from  this  center  opening  to  the  inner  side 
of  the  hoops,  special  bricks  being  moulded  to  fit  around  the  rail  heads 
and  thus  save  time  and  waste  of  cutting.  To  save  cutting  bricks  the 
masons  carried  the  inside  parallel  with  the  outer  batter,  and  when  the 
inside  got  to  8  feet  in  the  clear,  they  set  back  on  the  inside  to  an  even 
brick,  and  then  followed  the  outer  batter  until  the  inner  diameter  reached 
8  feet  again,  and  so  on.  There  are  about  1  000  bricks  average  to  one 
foot  in  height  of  stack. 

Five  bricklayers  and  nine  laborers  lined  the  first  chimney  built  in  21 
days,  the  next  in  18£  days.  They  used  no  scaffolding  but  two  scantlings 
and  a  few  boards  on  the  inside  at  convenient  intervals,  thus  leaving  a 
well-hole  open  the  entire  height.  These  were  removed  from  the  top 
downward  after  completion. 

A  light  iron  ladder  is  riveted  to  (say)  every  third  hoop,  the  entire 
height.  The  convenience  of  this  for  construction,  examination  and 
repairs,  if  needed,  is  obvious. 
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The  strength  of  this  chimney  is  in  the  "  crinoline."  The  bricks  are 
merely  for  enclosure  of  the  gases.  Their  mass  is  so  small  and  the  walls 
are  so  thin  that  they  are  never  hot.  The  "crinoline"  of  the  first 
chimney  was  built  the  entire  height  before  the  brick-work  was  begun. 
Some  heavy  storms  occurred  while  it  stood  thus  and  it  never  wavered. 
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THE  PROBLEM  OF  THE  SUBMERGED  WEIR. 


By  Clemens  Herschel,  M.  Am.  Soc.  C.  E. 
Read  June  17th,  1885. 

The  problem  consists  in  finding  a  formula  which  shall  fittingly  serve 
to  compute  the  discharge  over  a  submerged  weir,  from  the  data  afforded 
by  the  experiment,  or  the  gauging,  in  progress.  The  data  for  finding 
such  a  formula,  to  which  it  is  intended  to  confine  this  paper,  are  the 
experiments  made  in  1848  by  James  B.  Francis,  M.  Am.  Soc.  C.  E., 
those  made  by  Fteley  and  Stearns,  Ms.  Am.  Soc.  C.  E. ,  in  1877,  and 
those  made  by  Mr.  Francis  in  1883;  described  respectively  in  "Lowell 
Hydraulic  Experiments,"  p.  102,  in  the  Transactions  Am.  Soc.  C.  E., 
1883,  p.  101,  and  in  the  same,  1884,  p.  303.  Having  had  occasion  to 
apply  the  formul«3  given  in  the  two  papers  last  named,  I  was  confirmed 
in  my  dislike  to  all  the  formulae  I  had  yet  seen,  as  governing  the  case 
of  discharge  referred  to,  and  resolved  to  seek  a  new  one. 

For  this  purpose  I  took  Table  XXV,  of  the  Fteley  and  Stearns  pa- 
per, and  have  recomputed  Table  III  of  Mr.  Francis'  paper.  A  close 
inspection  of  the  latter  will  show  that  the  quantities  actually  discharged 
during  the  several  experiments  do  not  enter  into  this  table,  and  the 
recomputation  bad  for  its  object  to  arrive  at  such  quantities  actually 
discharged.  For  this  purpose  I  take  the  experiments  of  Table  III,  both 
previous  and  subsequent  to  each  group  of  back-water  experiments,  dur- 
ing which  there  was  no  back-water.  Find  from  them  the  value  of  the 
term  m  A,  being  the  co-efficient  of  discharge  through  the  orifices  in  the 
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wheel,  m,  multiplied  by  the  sum  of  the  areas  of  those  orifices,  A.  Take 
an  average  of  these  values  of  m  A.  Then  from  such  average  value,  and 
from  the  fall  actually  obtaining  on  the  wheel  during  the  back-water 
experiments,  find  the  discharge  for  those  experiments  ;  being  =  m  A 
v/  2gh',  if  the  notation  of  Table  III  be  kept  intact.  From  the  actual  dis- 
charges thus  obtained,  I  have  computed  the  co-efficient  called  n  in  Mr . 
Francis'  paper,  and  the  co-efficient  called  c  in  the  paper  of  Fteley  and 
Stearns .  The  results  of  the  computations  above  described  are  exhib- 
ited in  the  table  which  follows  : 

TABLE  I. 


No.  of 

the 
Experi- 
ment. 
1883. 

Actual 
Discharge 
during  the 
Experiment 

TO  A. 

Co-efficient 
n. 

1 

Co-efficient 
c. 

Remarks. 

13 

96.05 
96.05 
96.17 
96.17 
96.17 
96.30 
96.17 
96.05 

3.2089 
3.2110 
3.2134 
3.2142 
3.2143 
3.2182 
3.2149 
3.2100 

3.2131 

5.5643 
5.5639 
5.5701 
5.5653 
5.5703 
5.5626 
5.5662 
5.5569 
5.5643 
5.5643 

5.5618 

14 

No  back-water  during  these 
J  experiments  ;     the     discharge 
[-computed  by  weir  formula, 

26 



27 

28 

29 

Q  =  3.33  Iffi 

30 

1  and  corrected  for  velocity   of 

31 

I  approach. 

0.6987 
0.7092 
0.6171 
0.5893 
0.5671 
0.6011 
0.5852 

0.5920 

3.3775 
3.3817 
3.3240 
3.2711 
3.1891 
3.2479 
3.1751 

19 
20 
21 
22 
23 
24 
25 

96.23 
96.22 
96.18 
96. 0y 
95.94 
95.68 
95.25 

95.83 

102.28 
162.28 
162.43 
162.13 
162.13 
161.84 
161.84 
162.28 
162.43 
162.28 

|                      Note  B. 

Back-water  during  these  ex- 
f-periments;  the  discharge  com- 
1  puted  by  formula, 

Q  =  mA  s/'lgli '. 

32 

1 

33 

34 

35 

36 

37 

(-Note  A. 

38 

50 

1 

51 

J 

Average 

40 
41 
42 
43 
44 
45 
46 
47 

1.0049 
1.0621 
0.7568 
0.6188 
0.5857 
0.5849 
0.6102 
0.5638 

3.3766 
3.3761 
3.3782 
3.3224 
3.2607 
3.2568 
3.2937 
3.1348 

161.71 
161.74 
161.68 
161.31 
161.18 
161.02 
101.83 
161.29 

1 

[  Note  B. 

43-47 

161.33 

0.5927 

Average. 
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No.  of 

the 
Experi- 
ment. 

1883. 

Actual 

Discharge 
during  the 

m  A. 

Co-efficient 
n. 

Co-efficient 
c. 

Remarks. 

Experiment 

52 

207.40 
207.24 
207.40 
21 17.  (18 
207.24 
207 . 08 

7.2778 
7.2720 
7.2784 
7.2673 

7.2757 
7.2696 

1 

)■  Note  A. 

J 

53 

54 

55 

56 

57 

58 

207.40 
207.40 
207.40 
207.40 
207.08 

7 . 282 1 
7.2830 

7.2798 
7.2847 
7.2713 

59 

74 

75 

76 

7.2765 

1.0813 

3.3847 

1 

64 

206.91 

65 

206.93 

" 

0.9002 

3.3856 

66 

206.81 

" 

0.0808 

3.3592 

| 

67 

206.73 

" 

0.6712 

3.3634 

68 
69 

206.52 
21  16. 27 

.. 

0.6307 
0.6037 

3.3403 

3.2948 

.  Note  D. 

70 

206.64 

" 

0.5876 

3.2461 

71 

206.77 

" 

0.5911 

3.2542 

72 

205.92 

" 

0 . 5837 

3.2082 

73 

205.91 

0.5870 

3.2177 

Average. 

1 

}-Note  A. 

1 
J 

68-73 

206.34 

0.5973 

77 

231.33 
231.18 
231.18 

8.2334 
8.2321 
8.2345 

78 

79 

83 

232.17 
232.33 

8.2164 
8.2260 

84 

Average 

8.2^85 

80 

229.43 

0.6064 

3.2935 

) 

81 

228.16 

" 

o.r.'.iso 

3.2537 

>Note  B. 

82 

228.18 

" 

0.5965 

3.2489 

1 

80-82 

228.59 

0.0U03 

Average. 
1 

S-  Note  A. 
J 

85 

74.57 
74.45 
74.45 
74.34 
73.65 
73.65 
73.65 
73.54 

2.4792 
2.4767 
2.4789 
2.4768 
2.4723 
2.4732 
2.4749 
2.4723 

86 

87 

88 

98 

99 

100 

101 

Average 
91 

2.4755 

74.07 

0.6594 

3.3449 

] 

92 

74.08 

" 

0.6435 

3.3511 

93 

73.91 

" 

0.5721 

3.2399 

94 

73.75 

" 

0.5572 

3.1507 

}-NoteB. 

95 

73.54 

" 

0.5746 

3.1599 

96 

73.50 

" 

0.5713 

3.1511 

97 

73.07 

" 

0.5947 

3.2061 

i 

93-97 

73.55 

0.5740 

Average . 
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If  any  one  will  take  the  pains  to  plot  the  values  of  n  and  of  c  just 
given,  in  comparison  with  the  values  of  n  and  of  c,  deduced  from  the 
experiments  of  1848  and  of  1877,  he  will  at  once  see  that  here  is  another 
of  the  frequent  cases  of  a  certain  curve  or  formula,  fitting  two  sets  of 
experiments,  where  it  absolutely  refuses  to  fit  them  and  a  third  and  later 
set  also.  As  regards  values  of  n,  I  do  not  find  them  constant,  n  is 
equal  to: 

.5740  for  experiments  93-97  of  1883 

.5920     "  "  21-25    "      " 

.5927     "  "  43-47    "      " 

.5973     "  "  68-73   "      " 

.6003     "  "  80-82    "      " 

that  is:  it  increases  as  the  quantity  discharged  increases,  but  with  ample 
variation  among  its  several  values  for  nearly  equal  quantities  discharged, 
according  as  the  amount  of  back-water  varies,  as  may  be  seen  by  inspec- 
tion of  Table  I. 

Passing  next  to  the  construction  of  a  new  formula,  it  has  seemed  to 
the  writer  that  there  might  well  be  a  relation  between  the  depth  of  water 
on  the  submerged  weir,  called  d  in  the  Fteley  and  Stearns  paper,  and  the 
depth  of  water  which  would  be  formed  on  a  weir  of  free  discharge,  to 
enable  it  to  discharge  an  equal  volume  of  water  (in  equal  times,  of 
course).  This  may  be  called  the  weir  of  equivalent  discharge,  and  the 
depth  on  such  a  weir,    [the  whole  operation  to  be  based  on  the  Francis 

3 

formula  for  weir  discharge,  Q  =  3.33L/F],  I  have  called  H.  I  have 
further  thought  that  such  relation  might  vary  only  with  respect  to  a 

variation  of  what  Fteley  and  Stearns  call  —r— ,  being  the  depth  of  back- 
water, divided  by  the  total  depth  on  the  submerged  weir.  A  computa- 
tion made  to  test  such  product  of  the  scientific  imagination  results  in 
the  following  table: 


HERSCIIEL   ON   SUBMERGED   WEIRS. 


193 


*  * 


-^3  =  r.  r-  T  -r  CO   Z--2— «  —  c  ft  CH®(D-fl( 

oocccir-5ior.cc:r.ciooiciff.root- 

•-HT-<»-l-*©o©OOC:Oodi-i©ododd 


00000000000000000000 


a  o  x 
=      H 


^lOtDt-OOClOHNMO^Cl 


(D!0  ?0  COED 


i — i  — ■*  i.-«  "  <--«  T?  t  ir:  ce r— 

XXXftftftftftftft 


-*  m  o  t- 


»aot-io 
oo  x  co  co  x  -* 

t-  tCN  i-l  O  X  t- 
t-  t-  t-  t-  ^  00 

oo'o'o'od 


COOt-t-t-XMO«OH«OIOO 

t-OOOOH^+ftClXMO^^t- 

:ocii-«ocicooc'0!orat- 

COftftftXt-OOOftftftftX 
r-lrH0'00  0  0iHrtr-l0  0'0=io 


x  t-  x  t-  ■«*<  »ri 

CI  C  B  ft  -1*  t- 
O  t-  C-  t-  ft  ft 

©  o  o  o  o'  o 


.-luooio^-^xt-uocoLo-Ht-c-ftO 
X  i-  fc-  u-  r >  ft  —  —  -t<  t-  CO  i-  oo  ti 

ooHcinutoooociciCT'iio 

doddoddcio'ddo'dod 


sex 


r-  »  r.  o  h  ; 


ft  O  — '  CI  CO  -*  IC  O  ^  *M  00  -#  »a  5£)  t- 


HHHCfdCl         HdfflOlfffCllN^OTll^^nlfl^ 


ft  -*  0C  -f  —  X 

ft  O  —  ft  -.o  t- 
ft  O  O  ft  ft  X 

o'  -h  rt  o  o  d 


O+O-tt-MOHeiot-rfBt- 
CHCCOXaOt-tOC6fl>COOO»«t»00 

O   O   O  O   O  O.  t-  to  ^  -X  M  CI  -i  X  -  H 

©OOOOftftftftftftftftXXX 

iHrHHHHdooddddddod 


00  t-  CO  00  ft  LOj 
<N  t-  CO  Ol  -J"  — 
O  O  —  •-!  O)  o 

d  o  d  d  o'  © 


00t-C1Oi-<lOftU0-*»OCN00C0t-'«*ir0 

o-»fflx«ooiftOt-iM«jnn 
oocooHrtc<ciKnn*«oo 


:-_  a 
:  co  * 


h  ol  n  x»  o  a      HMn^«ot-ooo3-tic:«ioo 


194 


HERSCHEL   ON    SUBMERGED    WEIRS. 


A  plotting  of  the  above  table  gives  the  diagram  shown  on  Plate  XII, 
and  this  diagram,  read  off  at  regular  intervals,  results  in  the  table*  next 
given. 

TABLE   III. 


d' 

H 

d' 

H 

d' 

H 

~d~ 

d 

d 

~ir 

d~~ 

d 

0.00 

1.000+0.000 

0.35 

0.944+0.016 

0.70 

0.787+0.012 

.01 

1.004+0.004 

.36 

0.941+0.016 

.71 

0.780+0.012 

.02 

1.006+0.006 

.37 

0.938+0.017 

.72 

0.773+0.011 

.03 

1.006+0.007 

.38 

0.935+0.017 

.73 

0.766+0.011 

.04 

1.007+0.007 

.39 

0.932+0.017 

.74 

0.758+0.011 

.05 

1.007+0  007 

.40 

0.929+0.017 

.75 

0.750+0.010 

.06 

1.007  ±0.007 

.41 

0.926+0.017 

.76 

0.742+0.010 

.07 

1.006+0.006 

.42 

0.922+0.018 

.77 

0.732+0  010 

.08 

1.000+0.006 

.43 

0.919+0.018 

.78 

0.723+0.010 

.09 

1.005+0.005 
1.005+0.005 

.44 
.45 

0.915+0.018 
0.912+0.018 

.79 

0.714+0.010 

1 

0.703+0.010 

.10 

.80 

.11 

1.003+0.006 

.46 

0.908+0.018 

.81 

0.692+0.010 

.12 

1.002+0.006 

.47 

0.904+0.018 

.82 

0.681+0.009 

.13 

1.000+0.007 

.48 

0.900+0.018 

.83 

0.669+0.009 

.14 

0.998+0.107 

.49 

0.896+0.018 

.84 

0.656+0.009 

.15 

0  996+0.008 

.50 

0.892+0.018 

.85 

0.644+0.008 

.16 

0.994+0.008 

.51 

0.888+0.018 

.86 

0.631+      ? 

.17 

0.992+0.008 

.52 

0.884+0.018 

.87 

0.618 

.18 

0.989+0.009 

.53 

0.880+0.018 

.88 

0.604 

.19 

0.987+0.009 

.54 

0.875+0.018 

.89 

0.590 

.20 

0.985+0.010 

.55 

0.871+0.018 

.90 

0.574 

.21 

0.982+0.010 

.56 

0.866+0.018 

.91 

0.557 

.22 

0.980+0.010 

.57 

0.861+0.018 

.92 

0.539 

.23 

0.977+0.011 

.58 

0.856+0.018 

.93 

0.520 

.24 

0.975+0.012 

.59 

0.851+0.018 

.94 

0.498 

.25 

0.972+0.012 

.60 

0.846+0.017 

.95 

0.471 

.26 

0.970+0.013 

.61 

0.841+0.017 

.96 

0.441 

.27 

0.967+0.013 

62 

0.836+0.016 

.97 

0.402 

.28 

0.964+0.013 

.63 

0.830+0.016 

.98 

0.352 

.29 

0.961+0.013 

.64 

0.824+0.015 

.99 

0.275 

.30 

0.959+0.014 

.65 

0.818+0.015 

1.00 

0.000+0.000 

.31 

0.956+0.014 

.66 

0.813+0.014 

.32 

0.953+0.014 

.67 

0.806+0.014 

.33 

0.950+0.015 

.68 

0.800+0.013 

.34 

0.947+0.015 

.69 

0.794+0.013 

*  Observe,  from  the  form  of  curve  and  table  given,  that  the  amount  of  back-water  may  be 
as  high  as  1-5  of  the  depth  on  the  weir,  without  aflectiug  the  discharge  ordinarily  more  than  2 
per  cent. 

t  The  values  given  in  this  table  below  this  line  are  not  so  well  determined  as  those  above 
the  line. 


HERSCHEL   ON"   SUBMERGED   WEIRS.  195 

I  ought,  perhaps,  to  say  something  in  explanation  and  in  advocacy 
of  the  somewhat  peculiar  form  of  Table  III.  It  is  intended  to  show, 
not  only  the  best  attainable  or  most  probable  results  to  be  derived  from 
the  experiments  available  for  making  the  table,  but  also  to  show  plainly 
and  concisely,  and  judging  as  far  as  one  may  from  the  same  experiments, 
how  far  any  single  future  experiment  may  be  under  liability  to  deviate 
from  the  results  as  now  established.  I  submit  to  the  Society  and  to  the 
reader  that  civil  engineers  have  been  too  negligent  in  a  thorough  and 
every -day  appreciation  of  the  fact  that  no  measurement  of  any  physical 
object  can  ever  be  called  exact.  It  is  beyond  the  power  of  human 
ingenuity,  for  example,  to  make  a  rod  of  metal  or  of  any  other  substance 
which  shall  be  exactly  1  foot  long.  It  is  still  less  feasible  to  describe, 
physically,  the  limits  of  a  square  foot,  or  of  a  cubic  foot,  and  still  less 
feasible  to  gauge  cubic  feet  per  second.  By  rights,  all  mention  of  any 
measurement  performed  should  always  be  accompanied  by  a  ±  sign, 
followed  by  a  figure  indicating  the  limits  within  which  the  measurement 
may  be  presumed  to  be  exact.  It  may  be  humbling  to  our  scientific 
pride  to  do  this,  and  it  would  no  doubt  fail  to  attract  the  dumb  admira- 
tion of  the  multitude,  but  the  resultant  answer  would  be  more  truthful 
than  long  strings  of  decimals,  however  long  they  be  spun  out,  when 
unaccompanied  by  a  proper  indication  of  the  degree  of  exactitude 
actually  attained. 

The  method  indicated  is  especially  applicable  in  the  construction  of 
formula)  from  data  afforded  by  only  a  limited  number  of  available 
experiments.  In  the  natural  order  of  things,  no  such  formula  can 
represent  all  the  experiments  considered.  With  more  experiments  of 
the  same  sort,  the  co-efficients  first  found  would  ordinarily  change. 
From  the  nature  of  the  work  done,  a  repetition  of  the  experiment,  using 
the  same  degree  of  care  and  exactitude,  would  not  produce  exactly  the 
same  result.  Every  co-efficient  so  determined  should  therefore  be 
accompanied  by  a  ±  sign,  and  followed  by  a  reading  from  the  enveloping 
curves  drawn  on  either  side  of  the  central  curve,  the  enveloping  curves 
to  pass  through  the  given  points  which  are  furthest  distant  from  the 
curve  representing  the  most  probable  locus  of  the  curve  deduced  from 
all  of  the  experiments.*      In  this  way  the  resultant  formula  may  at  any 

*  In  drawing  the  enveloping  curves,  in  the  present  instance,  I  have  not  given  full 
weight  to  experiment  No.  9  of  the  1877  experiments.  It  is  apparently  at  fault  for  some 
unknown  cause. 
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time  be  used  to  give  an  answer  that  will  certainly  be  on  the  safe  side. 
Or  it  may  be  used  to  give  the  answer  most  probably  correct,  judging 
from  the  information  at  hand  to  date  ;  and  this  answer  accompanied  by 
a  ±  quantity,  showing  within  what  limits  it  may  be  at  variance  with  the 
actual  facts. 

The  answer  given  to  the  problem  stated  at  the  outset  has  therefore 
been  in  form  of  a  table  (Table  III),  which,  put  in  form  of  a  formula, 

TT 

would  be  —  =  a,orH=  ad,  with  100  values  of  a  for  a  corresponding 

d' 
100  values   of   — , .     Instead  of  such  a  table  of  100  values,  a  formula 
a 

It  TT 

representing  the  relation  between  —r  and    -=-  might,  of   course,   be  set 

up.  It  would  result  in  a  formula  for  H,  giving  its  value  directly  in 
terms  of  d,  d',  and  one,  two  or  more  constant  co-efficients.  But  this, 
as  a  bit  of  burdensome  juggling,  with  the  aid  of  the  method  of  least 
squares,  I  have  thought  needless  to  go  into. 
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STRUCTURAL   STEEL. 


By  Edward  B.  Dorsey,  M.  Am.  Soc.    C.  E. 
Beat*  at  the  Annual  Convention,  June  10th,  1884. 


Since  bis  former  paper  on  Structural  Steel  was  written  (Trans.  Am. 
Soc.  C.  E.,  February,  1884),  tbe  writer  bas  made  two  trips  to  Europe, 
and  bas  collected  botb  tbere  and  bere  additional  data,  wbicb  are  offered 
to  tbis  Society  as  a  supplement  to  tbe  previous  paper. 

Tbe  last  few  years  bave  sbown  a  rajud  increase  in  tbe  use  of  mild 
steel  for  structural  purposes,  especially  in  sbip  and  bridge  building. 
In  shipbuilding  it  bas  passed  entirely  tbrougb  tbe  experimental  stage. 
Tbe  following  table  of  iron  and  steel  vessels  built,  classed  by  Lloyds' 
Begistry  of  Britisb  and  Foreign  Sbipping,  sbows  its  progress  witbin 
tbe  last  six  years. 
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*Ton 

VAGE. 

Per 

Cent. 

^  EARS. 

Steel. 

Iron. 

Steel. 

Iron. 

1878. 

4  470 

517  692 

.0085 

.9915 

1879. 

16  000 

470  969 

.0328 

.9672 

1880. 

35  373 

459  994 

.0714 

.9286 

1881. 

42  407 

696  724 

.0574 

.9426 

1882. 

125  841 

851  075 

.1290 

.8710 

1883. 

166  428 

933  774 

.1512 

.8488 

The  steel  tonnage  shows  a  continued  increase  each  year,  also  the  per- 
centage, except  in  the  year  1881,  when  the  difference  in  price  became 
too  great  to  use  steel  profitably  over  iron. 

The  above  table  is  taken  from  a  recent  paper  read  before  the  Iron 
and  Steel  Institute  of  Great  Britain,  by  Mr.  William  John,  of  Barrow- 
in-Furness.     He  also  says,  in  the  same  paper  : 

"  We  have  built,  at  the  Barrow  Shipbuilding  Company's  Works,  dur- 
ing the  last  five  years,  nine  steel  vessels,  varying  in  size  from  very  small 
ones  up  to  vessels  of  4  000  tons,  and  of  an  aggregate  tonnage  of  19  157 
tons,  with  a  total  quantity  of  material  amounting  to  10  750  tons. 

"  During  the  same  period  we  have  built  80  000  tons  of  iron  shipping, 
employing  about  46  800  tons  of  invoiced  iron.  From  this  it  will  be 
seen  that  about  20  per  cent,  of  the  tonnage  of  99  157  tons  built  at  Bar- 
row during  the  five  years  has  been  of  steel,  and  out  of  the  whole  ma- 
terial so  employed,  we  have  not  had  the  slightest  bother  with  either 
plates  or  angles  or  beams  ;  but  it  is  far  different  with  iron. 

"Messrs.  Denny  Brothers,  who  were  the  first  among  shipbuilders  to 
take  up  the  question  of  steel  vigorously,  and  who  have  kept  the  lead  in 
it,  have  built  during  the  same  period  nearly  68  000  tons  of  steel  ship- 
ping out  of  a  total  of  96  000  tons,  amounting  to  over  70  per  cent,  of  their 
total. 

"Mr.  William  Denny,  as  you  will  remember,  gave  his  views  very 
fully  before  this  Institution,  in  a  valuable  paper  read  here  in  1881,  and 
further  experience  has  confirmed  him  in  those  views,  as  I  know  from  a 
communication  received  from  him  a  few  days  ago,  in  which  he  says  steel 
has  become  so  uniform  as  to  have  lost  interest,  while  iron  absorbs  at- 
tention from  its  deterioration  and  want  of  uniformity,  and  the  men  com- 
plain if  they  are  put  to  work  iron,  on  account  of  the  amount  of  spoiled 
work  involved. 


*Note. — All  the  tons  named  in  this  paper  are  the  long  tons  of  2  240  pounds. 
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"I  believe,  from  what  I  can  learn,  that  this  experience  of  Messrs. 
Denny  and  ourselves  in  the  working  of  steel  in  the  shipyard,  is  borne 
out  in  other  yards  about  the  country." 

The  preceding  statement  by  Messrs.  Denny  Brothers  and  Mr.  Wil- 
liam John  are  very  strong  indorsements  of  mild  steel  over  iron,  espe- 
cially so,  as  neither  of  them  are  manufacturers  of  iron  or  steel ;  their 
evidence  is  entirely  impartial,  and  this  after  five  years'  very  extensive 
working  in  steel  in  shipbuilding  ;  in  no  kind  of  structural  work  is  the 
material  so  tortured  as  in  shipbuilding  ;  if  it  stands  this  test  it  should 
stand  all  others. 

Messrs.  Denny  Brothers  are  among  the  oldest  and  largest  ship- 
builders on  the  Clyde;  their  verbal  statement  to  me  more  than  confirmed 
the  preceding. 

In  England  it  is  estimated  that,  after  allowing  for  additional  carrying 
capacity,  owing  to  the  greater  strength  of  steel,  and  consequently  compar- 
ative lightness  of  steel  vessels  over  those  built  of  iron,  iron  and  steel 
vessels  will  stand  on  commercial  equality  when  the  cost  of  steel  is  two 
cents,  and  iron  one  and  one-half  cents  per  pound. 

In  bridge  building  steel  has  also  passed  through  the  experimental 
stage;  in  proof  of  this  can  be  cited  the  success  of  the  St.  Louis  bridge  — 
the  pioneer  of  large  steel  bridges, — the  Brooklyn  Suspension,  the 
Niagara  Cantilever,  the  Plattsmouth,  the  Bismarck  and  the  Blair  Crossing 
bridges,  the  bridge  on  the  Northern  Pacific  at  the  second  crossing  of 
Clarke's  Ford,  and  the  number  of  smaller  ones  that  have  been  built  in 
Europe  and  India.  All  have  given  such  great  satisfaction  that  Messrs. 
Barlow  and  Baker,  the  distinguished  engineers,  have  been  encouraged 
to  build  entirely  of  steel,  the  New  Forth  bridge,  with  its  two  unprece- 
dented spans  of  1  700  feet  each.  The  following  is  their  specification 
for  the  steel  and  steel  work  on  this  bridge.  This  is  given  in  full  to  show 
the  practice  in  England,  where  the  experience  has  been  longer,  more  ex- 
tensive and  general  than  with  us: 

Steel  Work. 

1.  Strips  cut  lengthwise  or  crosswise  to  Lave  an  ultimate  tensile  strength  of  not  less  than 
30  tons  and  not  exceeding  33  tons  per  square  inch  of  section,  with  an  elongation  of  at  least 
20  per  cent,  in  a  length  of  8  inches  for  all  steel  subject  to  tensile  stresses,  and  of  not  less 
than  34  tons  nor  exceeding  37  tons,  with  an  elongation  of  at  least  17  per  cent,  for  all  steel 
subject  only  to  compression.  The  latter  steel  will  also  be  tested  in  a  suitable  apparatus  by 
direct  thrust,  and  the  depression  under  a  stress  of  3i  tons  per  square  inch,  must  not  ex- 
ceed 10  per  cent,  in  a  length  of  8  inches. 

2.  The  beam,  angle,  bulb,  and  bar  steel  to  stand  such  forge  tests,  both  hot  and  cold,  as 
may  be  sufficient,  in  the  opinion  of  the  engineer,  to  prove  soundness  of  material  and  fit- 
ness for  the  service. 
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3.  Strips  cut  crosswise  or  lengthwise  1 '£  inches  wide,  heated  uniformly  to  a  low  cherry 
red  and  cooled  in  water  of  82°  Fahrenheit,  must  stand  bending  double  in  a  press  to  a  curve 
of  which  the  inner  radius  is  one  and  a  half  times  the  thickness  of  the  steel  tested. 

4.  The  strips  are  all  to  be  cut  in  a  planing  machine,  and  to  have  the  sharp  edges  taken 
off. 

5.  The  ductility  of  every  plate,  beam,  angle,  etc.,  is  to  be  ascertained  by  the  application 
of  one  or  both  of  these  tests  to  the  shearings,  or  by  bending  them  cold  by  the  hammer. 

6.  All  steel  to  be  free  from  lamination  and  injurious  surface  defects. 

7.  One  plate,  beam,  or  angle,  etc.,  to  be  taken  for  testing  from  every  invoice,  provided  the 
number  of  plates,  beams,  or  angles,  etc.,  does  not  exceed  fifty.  If  above  that  number, 
one  for  every  additional  fifty,  or  portion  of  fifty.  Steel  may  be  received  or  rejected 
■without  a  trial  of  every  thickness  on  the  iuvoice. 

8.  Pieces  of  plate,  beam,  or  angle,  etc.,  cut  out  for  testing,  are  to  be  of  parallel  width 
from  end  to  end,  or  for  at  least  8  inches  of  length. 

9.  Plates  to  be  ordered  by  weight  per  superficial  foot,  and  beams  or  angles,  etc.,  by 
weight  per  foot  run.  The  weight  named  must  always  be  strictly  worked  to.  In  plates  over 
4  feet  wide  and  %  inch  thick  and  upward,  a  latitude  of  1}^  per  cent,  above  and  1\  per 
cent,  below  will  be  allowed  for  the  springing  of  the  rolls,  and  5  per  cent,  above  and  5  per 
cent,  below  will  be  allowed  in  thinner  plates  over  i  feet  wide.  The  average  weight  per 
foot  of  the  plates  ordered  is  to  be  ascertained  by  weighing  not  less  than  10  tons  at  a  time 
when  larger  parcels  than  10  tons  are  delivered;  if  these  10  tons  exceed  the  due  weight  (cal- 
culated as  stated  above),  or  are  more  than  the  before  mentioned  percentage  below  it,  the 
whole  may  be  rejected.  In  smaller  deliveries  than  10  tons  the  average  is  to  be  ascertained 
by  weighing  the  whole  parcel.  The  same  conditions  as  to  latitude  and  mode  of  ascer- 
taining weight  apply  also  to  other  descriptions  of  steel  in  the  contract. 

10.  In  making  the  tubes  and  other  members  of  the  steel  superstructure,  all  plates  or  bars 
which  can  be  bent  cold  are  to  be  so  treated;  and  if  the  whole  length  cannot  be  bent  cold, 
heating  is  to  be  had  recourse  to  over  as  little  length  as  possible. 

11.  In  cases  where  plates  or  bars  have  to  be  heated,  the  greatest  care  must  be  taken  to 
prevent  any  work  being  done  upon  the  material  after  it  has  fallen  to  the  dangerous  limit  of 
temperature  known  as  a  "  blue  heat  " — say  from  600°  to  4003  Fahrenheit.  Should  this  limit 
be  reached  during  working,  the  plates  or  bars  must  be  reheated. 

12.  Where  plates  or  bars  have  been  heated  throughout  for  bending,  flanging,  etc.,  and  the 
work  has  been  completed  at  one  heat,  subsequent  annealing  will  not,  as  a  rule,  be 
necessary. 

13.  Where  simple  forge-work  has  been  done,  such  as  the  formation  of  joggles,  corners, 
and  easy  curves  or  bends,  on  portions  of  plates  or  bars,  and  the  material  has  not  been  much 
distressed,  subsequent  annealing  will  not,  as  a  rule,  be  necessary. 

14.  Plates  or  bars  which  have  had  a  large  amount  of  work  put  upon  them  while  hot,  and 
have  had  to  be  reheated,  must  be  subsequently  annealed.  This  annealing  should  be  done 
simultaneously  over  the  whole  of  each  plate  or  bar  when  this  can  be  done  conveniently. 
If  it  is  inconvenient  to  perform  the  operation  of  annealing  at  one  time  for  the  whole  of  a 
plate  or  bar,  portions  may  be  annealed  separately,  proper  care  being  taken  to  prevent  an 
abrupt  termination  of  the  line  of  heat.  If  the  severe  working  has  been  limited  to  a  com- 
paratively small  part  of  a  plate  or  bar,  annealing  may  generally  be  limited  to  the  parts 
which  have  been  heated,  the  same  care  being  taken  to  prevent  an  abrupt  termination  of 
the  line  of  heat. 

15.  In  cases  where  any  bar  or  plate  shows  signs  of  failure  or  fracture  in  working  the 
same  shall  not  be  used,  but  the  details  of  the  cases  must  be  forwarded  to  the  engineer,  in 
order  that  instructions  may  be  given  as  to  the  disposal  of  the  bar  or  plate. 

16.  The  curved  plates  for  the  tubular  compression  members  will  be  bent  into  shape  by 
the  steady  pressure  of  specially  constructed  hydraulic  presses,  and  if  any  hammering  be 
required  to  shape  the  plates  at  and  near  the  junctions  of  the  struts  and  ties,  wooden 
beetles  and  mallets  alone  are  to  be  used.  All  straightening  and  molding  of  plates  and 
bars,  and  all  flanging,  stamping,  dishing  and  forge-work  generally,  to  be  done  as  far  as 
practicable  by  hydraulic  pressure.     Strong   curvatures  aud   sharp   changes   of  form  to  be 
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avoided,  and  if  unavoidable,  great  care  must  be  taken,  and  the  work  must  be  subsequently 
annealed  if  hammers  have  been  used. 

17.  No  punching  or  shearing  or  chisel  work  will  be  allowed;  but  all  plates  must  be 
planed  at  the  edges  and  butts,  all  bars  machine-shaped  or  cut  with  a  saw,  and  all  holes 
drilled.     The  cutting  edges  of  the  tools  to  be  of  the  most  suitable  angle  and  to  be  kept  sharp. 

18.  For  the  hot  working  of  plates  and  bars  gas-heated  furnaces  are  to  be  used,  so  as  to 
obtain  perfect  uniformity  of  temperature,  and  plant  must  be  provided  for  the  rapid  hand- 
ling of  the  heated  plates  and  for  the  protection  of  them  when  cooling.  Rivets  to  be  of  a 
quality  of  steel  specially  approved  of  by  the  engineer,  and  to  have  large  well-formed  heads. 
Wherever  practicable  hydraulic  riveting  alone  is  to  be  used. 

19.  The  plates  and  bars  in  the  tubes  and  other  members  of  the  bridge  are  to  be  put  ac- 
curately together,  with  the  butts  tightly  in  contact,  and  the  rivet  holes,  unless  otherwise 
authorized,  are  to  be  drilled  through  the  whole  thickness  of  plates. 

20.  All  plates  and  bars  to  be  true  to  form,  whether  flat  or  curved,  and  free  from  defects  of 
any  kind.  The  workmanship  throughout  is  to  be  of  the  highest  class,  and  the  utmost  neat- 
ness of  finish  will  be  insisted  upon. 

21.  The  whole  of  the  plates  and  bars  must  be  first  cleared  of  the  scale  formed  in  manufac- 
ture, by  the  process  in  force  in  the  Royal  Dockyards,  and  be  then  dipped  while  warm,  in 
boiled  linseed  oil. 

22.  Each  portion  of  the  work  is  to  be  cleaned  on  completion  in  the  manufacturer's  yard, 
and  painted  with  one  coat  of  Woolston's,  Torbay,  or  other  paint,  as  may  be  required  by  the 
engineer.  After  erection  the  whole  of  the  work  is  to  receive  three  coats  of  a  similar  paint, 
and  be  left  of  a  color  approved  by  the  engineer.  The  interior  of  the  tubes  and  other  por- 
tions of  the  work  may,  if  hereafter  decided,  receive  a  thick  coat  of  tar,  pitch,  and  asphalte, 
or  other  composition,  in  lieu  of  the  final  three  coats  of  paint.  In  every  case  the  painting 
is  to  be  executed  by  skilled  painters. 

23.  Manholes  must  be  left  for  access  to  the  interior  of  the  tubes,  and  all  necessary  hand- 
rails, ladders,  runners,  and  other  conveniences  for  periodical  painting  of  the  viaduct  must 
be  provided. 

Mr.  Benjamin  Baker,  of  Messrs.  Fowler  &  Baker,  the  engineers  of  the 
Forth  Bridge,  writes  me  under  recent  date  : 

"  We  have  not  yet  found  it  necessary  to  reject  a  single  plate  or  angle  bar  delivered  at  our 
works  by  either  the  Steel  Company  of  Scotland  or  The  Landore  Siemens  Steel  Company, 
and  have  had  no  failure  or   trouble  of  any  kind.  *  ***** 

"  We  have  about  6  000  tons  of  steel  delivered  at  present.  When  once  you  have  got  ac- 
customed to  steel,  and  the  facility  of  working  and  welding  it,  you  look  upon  iron  as  a 
poor  sort  of  metal." 

The  London  and  Northwestern  Bailway  of  England  commenced 
using  steel  boilers  in  their  engines  in  1863;  in  1883,  they  had  in  use 
1  679  engines  with  steel  boilers,  giving  entire  satisfaction. 

In  the  last  20  years  (from  1863  to  1883,  inclusive)  there  were  made  in 
all  the  world  35  805  388  tons  of  Bessemer  steel;  nearly  all  this  was  made 
into  rails. 

This,  in  itself,  ought  to  be  convincing  proof  of  the  superiority  of 
steel  over  iron  ;  the  practical  working  of  this  immense  tonnage  that  has 
given  entire  satisfaction.  After  this  experience,  -where  is  the  engineer 
that  says  he  prefers  iron  to  steel  rails? 

If  steel  will  answer  better  than  iron  for  rails,  where  it  is  exposed  to 
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frequent  shocks  and  blows  from  the  modern  heavy  engine,  often  at  high 
speed  over  an  inelastic  roadbed,  why  will  it  not  answer  better  also 
for  structural  work  where  the  shock  will  not  generally  be  as  great '? 

Within  the  last  few  years  the  manufacture  of  steel  castings  from  mild 
steel  bas  made  great  progress,  both  in  improved  quality  and  reduction  of 
cost.  These  castings  are  not  quite  as  strong  as  the  same  composition 
would  give  in  wrought  steel,  provided  it  is  in  such  shape  or  size  that  it 
can  be  well  worked. 

We  know,  however,  the  great  difficulty  of  forging  properly  large  or 
intricate  pieces.  For  this  reason  such  difficult  pieces  are  probably 
stronger  cast  than  forged. 

In  making  steel  castings,  the  principal  difficulties  are  : 

1st.  The  intense  heat  required  to  keep  the  steel  fluid  makes  it  diffi- 
cult to  find  a  material  for  the  molds  that  will  not  be  affected  by  this  in- 
tense heat,  or  will  not  injure  the  steel. 

2d.  Great  care  is  required  to  make  the  molds  so  as  to  allow  for  the 
great  contraction  in  cooling  (which  is  double  that  of  cast  iron)  and  yet 
strong  enough  to  resist  the  pressure  of  the  fluid  metal. 

3d.  The  necessity  of  preventing  unequal  cooling,  which  is  liable  to 
cause  cracks  or  fracture. 

Many  large  steel  castings  have  been  made  in  England  and  France 
which,  from  their  size  and  shape,  could  not  have  been  well  forged. 
These  castings  have  given  entire  satisfaction.  Among  them  may  be 
named  rollers  over  8  feet  long  and  3  feet  in  diameter  ;  crank  shafts 
and  shafts  over  16  inches  in  diameter ;  rams  for  torpedo  boats,  28  feet 
from  end  to  end,  weighing  6  tons  ;  stern  or  rudder  frames  for  ships,  27 
feet  by  14  feet,  weight  6  tons. 

The  Steel  Company  of  Scotland  cast  of  soft  steel  a  gun  carriage  that 
weighed  in  the  rough  28  tons,  and  after  being  finished,  17  tons,  which 
gave  entire  satisfaction. 

After  annealing,  castings  from  mild  steel  have  about  the  same  ductil- 
ity and  about  one-half  more  tensile  strength  than  good  wrought  iron. 
All  castings  from  mild  steel  require  to  be  thoroiighly  annealed . 

Lloyds'  Registry  of  England,  which  gives  the  rating  to  shipping,  made 
a  thorough  investigation  of  the  advisability  of  permitting  in  the  con- 
struction of  vessels,  the  use  of  steel  castings  for  stems,  stern  frames,  rud- 
ders, tiller  quadrants,  crank  shafts,  levers,  link  blocks,  and  other   parts, 
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of  vessels  and  engines,  that  have  been  made  of  wrought  iron.  After  care- 
ful tests  and  experiments  on  a  large  scale,  both  in  England  and  France 
Chief-Engineer  Parker  reported  as  follows: 

"Tests  were  also  made,  not  only  upon  samples  of  the  material  cut 
out  of  castings,  but  also  upon  castings  themselves.  And  similar  tests 
were  conducted  upon  samples  of  forged  iron  and  forged  steel.  The  re- 
sult is  that  we  are  now  convinced  that  structures  can  be  made  of  cast 
steel,  quite  as  fit  for  the  purpose  intended  as  those  usually  constructed 
of  wrought  iron,  and  that  they  can  at  the  same  time  be  made  in  such  a 
manner  as  to  avoid  the  uncertainty  inevitably  associated  with  large  iron 
forgings,  owing  to  the  large  number  of  weldings  necessitated  in  them." 

I  can  see  no  reason  why  large  cannon  cannot  be  cast  in  steel  as  de- 
scribed in  a  paper  read  before  this  Society  by  Capt.  O.  E.  Michaelis. 
Of  course,  one  must  expect  to  encounter  difficulties  and  mishaps  at  the 
beginning  in  any  important  departure  from  the  usual  routine,  but  I  am 
satisfied  they  would  be  soon  overcome.  At  any  rate,  it  is  worthy  of  most 
earnest  effort  on  the  part  of  our  Government.  Casting  these  guns  with 
the  breach  open  reduces  them  to  a  long  and  thick  cylinder.  And  I 
should  think  they  could  eventually  be  cast  in  steel  as  easily  as  the  stern 
frames   or  torpedo  ram  mentioned  above. 

The  Rodman  plan  of  cooling  slowly  from  the  inside  ought  to  be  suc- 
cessful. It  is  somewhat  similar  to  the  views  of  one  of  the  largest  man- 
ufacturers of  steel  castings  in  England. 

In  the  United  States,  there  have  been  made  good  steel  castings,  such 
as  rollers  over  3  feet  diameter  and  8  feet  long,  and  cylinders  6  feet  long 
and  3  feet  diameter,  with  10  inches  core.  Making  the  steel  gun  is  only 
multiplying  the  cylinder  4  to  8  times. 

These  guns  must  certainly  be  much  stronger  than  those  of  cast  or 
wrought  iron,  and  perhaps  even  better  than  those  made  of  wrought  steel, 
owing  to  the  difficulty  of  working  properly  such  large  masses  under  the 
hammer.  Wrought  steel,  when  it  can  be  properly  worked,  is  stronger 
and  more  ductile  than  cast  steel  of  same  conrposition. 

Engineers  should  not  expect  too  much  from  wrought  steel  or  steel 
castings.  As  steel  can  be  had  with  tensile  strength  of  150  000  pounds  per 
square  inch,  there  is  great  temptation  to  make  use  of  high  tensile 
strength  in  order  to  save  weight.  But  this  saving  is  at  the  expense  of 
reliability.  I  would  not  advise  its  use  in  any  case,  whether  in  conces- 
sion or  tension,  with  a  greater  tensile  strength  per  square  inch  than 
70  000  pounds.     This  will  give  a  very  reliable  and  uniform  material,  with 
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elastic  limit  of  about  40  000  pounds,  which  can  be  worked  up  to  very 
closely,  owing  to  the  great  uniformity  in  steel.  In  my  opinion,  this  will 
make  a  stronger  and  safer  structure  than  if  made  of  stronger  steel. 

When  this  limit  is  much  exceeded,  both  steel  castings  and  wrought 
steel  become  unreliable,  cracking  and  breaking  without  apparent  cause. 
This  uncertain  action  or  quality  of  steel,  when  of  greater  tensile  strength 
than  80  000  pounds  per  square  inch,  must  be  governed  by  some  law ;  but 
as  yet  this  law  has  not  been  discovered.  This  action  is  so  uncertain  that 
I  know  no  word  that  expresses  it  so  well  as  "  caprice."  This  is  not  very 
scientific,  but  it  expresses  this  peculiar  uncertain  action  very  correctly. 
This  caprice  increases  with  the  tensile  strength,  commencing,  say,  at 
about  80  000  pounds  per  square  inch  tensile  strength,  the  percentage  of 
its  increase  being  much  greater  than  that  of  the  tensile  strength.  Until 
the  laws  governing  this  capricious  quality  are  known,  and  the  remedy 
found  and  applied,  engineers  would  do  well  to  confine  their  work  to  the 
preceding  limit,  leaving  the  range  between  70  000  and  80  000  pounds  as 
an  extra  factor  of  safety. 

Very  great  advance  has  been  made  in  the  manufacture  of  soft  or  mild 
steel  within  the  last  few  years,  by  which  the  quality  has  not  only  been 
improved,  but  the  price  reduced  ;  for  the  best  steel  suitable  for  boiler 
purposes  to  about  that  of  good  wrought  iron.  This  gives  the  engineer 
at  about  the  same  price  per  pound  a  much  more  reliable  and  stronger 
material,  which,  consequently,  allows  him  to  reduce  the  weight  and 
cost. 

In  a  few  years,  an  order  for  wrought  iron  for  structural  purposes  will 
be  as  much  of  a  curiosity  as  an  order  for  iron  rails  would  now  be  from  a 
rich  road  with  heavy  traffic. 

At  a  later  date  steel  castings  will  largely  take  the  place  of  difficult  or 
heavy  workings  that  are  now  made  in  wrought  iron,  or  wrought  steel,  or 
cast  iron.  Cast  iron  will  be  confined  to  cheap  works,  where  strength  is 
not  required. 

Engineers,  especially  those  engaged  in  structural  branches  of  the 
profession,  should  act  upon  the  conclusion  that,  in  engineering,  the 
iron  age  is  rapidly  passing  away,  as  the  stone  age  has  done,  and  will  soon 
be  replaced  by  the  steel  age. 
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ELECTEICAL    TRANSMISSION    FROM    NIAGARA. 


By  Benjamin  Bhodes,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June  10th,  1884. 


A  remark  commonly  attributed  to  Sir  William  Thomson  lias  been 
frequently  and  variously  quoted,  the  substance  being  that  the  water- 
power  of  Niagara  could  be  utilized  by  transmitting  it  electrically  to 
great  distances. 

A  recent  number  of  an  electrical  journal*  says  that  "little  or  no 
profit  can  be  derived  from  the  production  of  electric  light  (presumably 
by  steam-power),  at  a  price  per  unit  below  that  of  illuminating  gas." 

Dynamic  electricity  is  used  at  present  substantially  only  for  the  elec- 
tric light,  but  this  use  has  become  a  great  and  growing  industry  ;  there- 
fore, if  there  is  any  truth  in  the  statement  that  electric  light  cannot  be 
profitably  produced  by  steam-power,  then  Sir  William  Thomson's  trans- 
mission scheme  becomes  of  vast  importance.     It  is  the  object  of  this 

*  The  Electrician,  New  York,  May,  1884. 
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paper  to  show  what  has  been  done  and  what  may  be  done  toward    the 
utilization  of  Niagara  for  electrical  purposes. 

Power  of  Niagara.— The  power  of  Niagara  can  be  estimated  very 
approximately.  The  average  flow  of  the  river,  according  to  the  many 
careful  measurements  of  the  U.  S.  Lake  Survey,  is  275  000  cubic  feet 
per  second.     The  fall  in  the  river  through  the  rapids  immediately  above 

the  Falls  is 65  feet. 

Height  of  the  Falls 165     " 

Total 230     " 

Then  we  have  for  the  whole  power  : 

275  000  X  230  x  62      _  Ann  nAA  . 

■■         ■ =  7  000  000  h.-p. 

550  x 

(Seven  million  horse-power.) 

To  utilize  this  amount  of  power  by  water-wheels,  generate  electrical 
currents  and  transmit  to  various  cities  within  500  miles,  would  necessi- 
tate a  plant  representing  at  least  five  thousand  million  dollars.  Such 
figures  as  these  give  some  idea  of  the  enormous  amount  of  power  here  in 
reserve. 

Power  already  developed. — A  small  proportion  of  the  power  of  Niagara 
is  already  utilized,  and  a  much  larger  amount  can  be  developed  at  moder- 
ate cost.  On  the  Canada  side  the  entire  use  is  represented  by  a  small 
overshot  wheel,  under  6  feet  head,  which  has  for  many  years  propelled  a 
solid  piston  single  acting  pump,  furnishing  a  meager  supply  of  water  to 
the  adjoining  village. 

On  the  American  side,  along  the  rapids,  on  Goat  Island,  and  the 
mainland,  there  are  five  separate  raceways,  using  4  to  16  feet  head,  and 
developing  in  all  800  to  1  000  horse-power,  most  of  which  is  now  in 
actual  use.  If  the  project  for  the  appropriation  of  lands  for  a  State 
reservation  at  Niagara  is  carried  out,  all  these  races  will  come  within  the 
fixed  bounds  of  the  park,  and  will,  of  course,  be  odious  in  the  eyes  of 
the  Commissioners,  and  be  swept  away. 

The  greatest  power  now  in  use  at  Niagara,  however,  fortunately  lies 
outside  of  the  proposed  State  Park.  The  Hydraulic  Canal  is  a  work  of 
great  importance.  It  was  constructed  about  1855,  and  is  cut  through 
solid  rock  across  the  peninsula  on  which  the  village  of  Niagara  Falls  is 
built,  taking  the  water  from  the  exteme  head  of  the  rapids  and  discharg- 
ing below  the  Falls,  giving   opportunity  to  use  the  entire  head  of  230 
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feet.  The  lower  end  of  the  canal  is  at  such  a  distance  from  the  Falls 
that  the  "  busy  roar  and  hum  "  of  the  factories  will  be  quite  unheard  by 
the  romantic  visitors,  who  see  only  beauty,  not  utility,  in  the  great  catar- 
act. The  canal  is  nearly  one  mile  long,  and  was  planned  100  feet  wide 
and  10  feet  deep.  It  has  been  excavated  but  70  feet,  and  half  the  dis- 
tance only  35  feet  wide,  and  is  at  present  partially  filled  with  debris, 
being  at  certain  points  no  more  than  5  feet  in  depth.  At  the  lower  end 
is  a  basin  nearly  at  right  angles  to  the  canal,  which  may  be  extended,  as 
needed,  along  the  river  frontage  belonging  to  the  Hydraulic  Power  Com- 
pany. The  canal  lay  idle  for  a  quarter  of  a  century,  and  it  remained  for  an 
enterprising  citizen  of  Buffalo,  possessed  of  large  capital  as  well  as  zeal,  to 
open  up  the  great  power  to  the  world.  At  the  time  of  his  purchase,  in 
1878,  there  was  only  one  water-wheel  on  the  canal.  There  is  now  a  large 
and  increasing  number  of  buildings  for  manufacturing  purposes  distrib- 
uted along  the  high  bank  of  the  river,  using  an  aggregate  of  nearly  or 
quite  5  000  horse-power.  The  wheels  in  these  buildings  are  set  under 
heads  of  from  50  to  100  feet,  and  discharge  the  tail  water  over  the  side 
of  the  precipice,  the  various  streams  falling  over  100  feet  to  the  river 
below,  making  a  sight  of  rare  beauty,  but  suggestive  to  the  engineer  of 
great  loss  of  power.  Some  of  these  wheels  are  of  large  size  when  the 
head  is  considered,  several  being  capable  of  giving  1  100  to  1  500  horse- 
power each.  The  use  of  wheels  of  so  great  power  was  a  step  in  ad- 
vance of  anything  previously  attempted  in  this  line,  and,  as  in  all  cases 
where  there  is  lack  of  experience,  difficulties  were  met.  Without  going 
into  detail,  it  will  suffice  to  say  that  fragments  of  water-wheels  may  be 
found  in  the  vicinity  of  all  the  wheel-pits  where  high  heads  are  used,  and 
that  water-wheel  manufacturers  seem  to  be  learning  a  lesson  long  ago 
taught  to  bridge  builders — to  use  no  cast  iron.  The  last  few  years  have 
seen  great  improvements  in  the  making  and  setting  of  wheels,  and  the 
working  of  all  the  mills  is  now  regular  and  continuous. 

Further  development  of  power  at  Niagara  may  be  largely  made  at 
moderate  expense.  The  Hydraulic  Canal  can  be  deepened  and  widened 
to  keep  pace  with  demand  for  power,  and  with  further  experience  wheels 
may  be  set  under  greater  heads;  the  total  amount  thus  made  available 
here  being  equal  to  the  necessities  of  many  years.  It  may  safely  be  said 
that  the  use  of  Niagara  has  just  begun.  Low  water  is  unknown,  troubles 
from  ice  are  slight,  hours  of  use  are  not  limited  to  8  or  10,  but  24 
hours  in  the  day  and  3G5  days  in  the  year  unlimited  power  is  ready, 


208    RHODES   ON"   ELECTRICAL  TRANSMISSION   FROM    NIAGARA. 

making  this  the  most  reliable  as  it  is  the  grandest  water-power  in  the 
world. 

Application  to  Electricity. — The  application  of  the  water-power  of 
Niagara  to  electrical  purposes  has  been  limited,  being  hitherto  confined 
to  the  local  use  of  the  electric  light;  but  this  use  has  been  such  as  to 
give  much  valuable  experience. 

A  Brush  dynamo  has  been  in  use  in  Prospect  Park  for  the  illumination 
of  the  Falls  and  grounds  since  July  4th,  1869.  This  machine  is  run  under 
peculiarly  favorable  conditions,  having  always  the  same  number  of 
lamps  in  circuit,  power  supplied  by  a  water-wheel  of  proper  capacity, 
and  the  plant  operated  only  two  hours  of  each  day.  The  working  has 
always  been  smooth. 

A  Weston  dynamo,  with  a  service  lamp  and  reflector,  was  for  some 
time  used  to  light  the  beautiful  rapids  in  the  rear  of  the  Cataract 
House.  Some  difficulty  was  found  with  this  plant,  not,  however,  due  to 
the  power. 

Several  isolated  Edison  installations  have  been  made  in  various  mills, 
the  dynamo  in  each  case  being  run  by  the  water-wheel  which  furnishes 
power  for  the  mill.  While  the  power  is  continuous,  the  light  is  excellent, 
the  only  difficulty  with  such  a  plant  being  that  in  case  of  shutting 
down  for  repairs  auxiliary  power  must  be  supplied  for  the  dynamo,  or 
other  light  used. 

A  local  Brush  company  was  organized  in  the  fall  of  1881,  and  has 
since  been  lighting  the  streets  and  dwellings  of  the  village  with  40  to  60 
lamps.  The  company  has  met  with  not  only  the  usual  difficulties  of 
such  organizations,  due  to  inexperience  and  the  sudden  introduction  into 
general  use  of  new  machinery  and  unfamiliar  principles,  but,  in  addi- 
tion, other  troubles,  due  to  the  interruption  in  the  power  from  various 
causes,  so  that  a  steam  plant  has  been  maintained  by  the  side  of  the 
water-wheel.  As  heretofore  noted,  the  improvement  in  power  has  been 
marked,  and  it  is  probable  that  the  steam  plant  will  be  used  hereafter  only  in 
such  extraordinary  emergency  as  might  be  classed  with  the  bursting  of  a 
steam  boiler  or  the  destruction  of  a  building  by  fire.  Experience  has 
shown  the  immense  difference  in  cost  between  the  use  of  steam  and 
water-power.  Electric  street  lights  are  furnished  profitably  at  a  price 
much  lower  than  at  any  other  place,  and  if  the  number  were  greater  the 
price  could  be  still  further  reduced. 

The  future  application  of  Niagara's  power  to  electrical  purposes  is 
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an  interesting  subject.  The  local  use  will  keep  pace  with  the  growth  of 
the  town,  but  will,  of  course,  be  comparatively  small.  In  order  to  trans- 
mit currents  of  electricity  profitably  to  a  distance,  several  conditions 
must  be  observed : 

1st.  The  cost  of  transmission  must  be  less  than  the  difference  between 
the  cost  of  steam  and  water-power. 

2d.  The  distant  point  must  be  one  where  the  currents  of  electricity 
can  be  used;  and 

3d.  Where  water  power  cannot  be  obtained. 

There  is  no  point  so  likely  to  fulfill  these  conditions  as  the  city  of 
Buffalo,  and  the  project  must  be  proven  practicable  here  before  being 
attempted  to  larger  and  more  distant  cities.  The  estimates  following 
are  based  upon  the  Brush  system,  not  on  account  of  any  merit  in  this 
beyond  other  systems,  but  because  it  happens  to  be  here  in  most 
general  use. 

There  are  in  this  city  400  arc  lights,  requiring  the  use  of  steam  plant 
of  about  the  same  number  of  horse-power.  The  number  of  lights  is 
increasing  here,  as  in  other  cities,  and  it  may  be  assumed  that  there  will 
be  1  000  lights  in  use  within  two  years.  The  length  of  circuit  required 
between  Niagara  Falls  and  Buffalo  is  about  50  miles.  There  are  now  in 
operation  in  various  cities  circuits  10  to  12  miles  in  length,  and  Sunday 
nights,  when  fewer  lights  are  used,  circuits  are  used  in  some  cases  to  a 
length  of  30  miles.  Estimates  are  therefore  based  on  practice  as  well  as 
theory.  Experience  has  shown  that  40  to  60  lights  can  be  run  on  one 
circuit  with  an  electro-motive  force  of  2  000  to  3  000  volts;  but  a  greater 
number  requires  a  current  of  so  great  intensity  as  to  be  in  some  danger 
of  burning  the  insulation  on  the  dynamos,  as  at  present  constructed. 
There  is  no  doubt  the  dynamos  will  be  hereafter  improved  in  this 
respect,  so  as  to  permit  100  arc  lights  in  circuit.  Such  an  improvement 
will  very  materially  reduce  the  cost  of  transmission  to  great  distances. 
As  the  resistance  of  the  circuit  and  consequent  loss  of  power  varies 
directly  as  the  length,  and  inversely  as  the  area  of  the  wire  used,  there 
will  be  found  for  every  case  a  size  of  wire  such  that  the  sum  of  its  cost 
and  the  capitalized  loss  of  power  will  be  reduced  to  a  minimum.  The 
size  of  wire  will  be  less  for  water-power  than  for  steam,  and  the  econom- 
ical size  for  a  transmitting  circuit  of  (say)  50  miles  between  Niagara  Falls 
and  Buffalo  is  found  to  be  No.  8,  B.  W.  G.,  or  nft&-inch  diameter. 
The  cost  of  erection,  complete,  of  a  number  of  circuits  of  this  length 
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would  be  about  $1  000  per  circuit.  The  resistance  would  be  76  ohms, 
equal  to  16  lamps,  or,  assuming  the  very  general  practice  of  coupling  in 
series  a  10-light  and  16-light  Brush  dynamo,  the  loss  would  be  about  28 
per  cent. 

The  rental  of  power  at  Niagara  Falls,  in  large  quantities,  may  be  as- 
sumed at  $10  per  horse-power  per  annum,  delivered  on  the  shaft.  The 
cost  of  transmission  will  be  interest,  repairs  and  depreciation,  which 
will  all  be  covered  by  10  per  cent,  on  the  investment.  The  cost  ($1  000) 
must  be  divided  by  the  net  number  of  lamps  or  horse-powers  (10),  making 
the  cost  per  horse-power  10  per  cent,  on  $100,  or  $10,  and  the  entire  cost 
per  horse-power  of  power  delivered  in  Buffalo,  $10  -f-  $10  =  $20  per 
annum. 

The  items  of  cost  of  dynamos,  carbons,  lamps  and  care  of  lamps  are 
common  to  the  use  of  steam  and  water,  and  need  not  be  considered.  The 
most  enthusiastic  advocate  of  steam-power  will  hardly  claim  that  it  can 
be  produced  for  10  to  12  hours  a  day  at  less  than  $50  per  annum,  and  as 
used  for  electric  lights,  with  small  engines,  the  cost  is  actually  nearer 
$75  per  annum.  The  saving,  then,  may  safely  be  assumed  to  be  forty 
dollars  per  annum,  or  on  a  plant  for  1  000  arc  lights,  the  snug  sum  of 
forty  thousand  dollars  yearly. 

The  incandescent  light  presents  another  phase  of  this  matter.  It  is 
well  understood  that  the  great  quantity  of  current  required  for  these 
lights,  and  the  consequent  percentage  of  loss  by  resistance,  prevents  its 
economical  use  at  a  distance  from  the  dynamo,  and  explains  the  marked 
absence  of  central  stations  for  such  lighting  in  our  cities.  The  use  of 
the  storage  battery  for  this  purpose  may  now  be  said  to  have  passed  the 
experimental  stage,  and  has  come  into  use  to  a  considerable  extent  during 
the  last  few  months.  By  this  system  the  same  dynamo  used  at  night 
for  arc  lights  is  run  during  the  day  to  charge  secondary  batteries  to  be 
used  on  incandescent  circuits  the  succeeding  night — the  distance  being 
overcome  by  the  intensity  current,  which  is  automatically  regulated  when 
in  use  so  as  to  be  suitable  for  incandescent  lamps.  With  steam-power, 
the  cost  of  running  by  day  is  the  same  as  at  night,  and  the  system 
becomes  expensive.  With  water-power  the  reverse  is  the  case.  The 
charge  for  water-power  is  the  same  for  21  hours  as  for  8  or  10,  and  the 
interest  on  plant  is  also  a  fixed  charge,  so  that  when  the  expense  can  be 
divided  between  night  and  day  usage  the  figure  above  will  be  reduced 
to  only  $10  per  horse-power  per  year  and  the  saving  be  doubled. 


RHODES   ON   ELECTRICAL   TRANSMISSION"   FROM    NIAGARA.    211 

The  use  of  electro-motors  for  the  reconversion  of  electricity  into 
power  might  be  touched  on  here,  but  this  branch,  although  well  advanced 
in  theory,  is  not  so  in  practice.  Many  good  minds  are  occupied  in  per- 
fecting electro-motors  for  various  purposes,  and  another  year  or  two 
may  see  power  supplied  to  customers  from  a  central  station,  for  running 
anything  from  a  sewing  machine  to  a  street  car.  In  such  case,  the 
economy  of  transmission  will  be  still  further  apparent. 

Enough,  however,  has  been  said  to  show  that  the  power  of  Niagara 
can  be  transmitted  to  a  distance  of  25  miles,  with  a  great  saving  over  the 
power  of  steam,  and  that  with  improvements  in  storage-batteries  and 
electro-motors,  this  distance  can  be  increased,  with  economy,  to  100  or 
150  miles.  With  further  improvements  in  dynamos  and  insulating  ma- 
terial to  permit  the  use  of  currents  of  higher  intensity,  such  as  may  be 
confidently  looked  for,  the  economical  distance  may  be  still  further 
increased,  until  some  of  the  present  generation  may  see  the  prophecy  of 
Sir  William  Thomson  literally  fulfilled  and  the  power  of  Niagara  used  in 
all  the  large  cities  of  this  country. 
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HARBOR  WORKS  AT  COPENHAGEN,  DENMARK. 


By  H.  C.  V.  Moller,  Asst.  Engineer  to  the  Harbor  Department  of 

Copenhagen. 
Read  January  7,  1885. 


Copenhagen  is  an  important  harbor  of  commerce,  as  well  for  the  trade 
of  the  country  as  for  transatlantic  commerce,  due  partly  to  importation 
for  the  requirements  of  the  country,  as  coal,  iron,  timber,  sugar,  coffee, 
rice,  indian  corn,  etc.,  and  partly  to  exportation  of  the  products  of  the 
country,  such  as  cattle,  grain,  butter,  pork,  alcohol,  etc. 

The  favorable  situation  of  the  metropolis,  at  the  main  passage  be- 
tween the  North  and  the  Baltic  seas,  also  gives  it  importance  as  a  point  of 
storage  for  bonded  goods  and  as  a  harbor  of  refuge  for  vessels  stopping 
for  repairs  or  for  supplies  of  coal  or  provisions. 

It  has,  therefore,  been  a  matter  of  the  greatest  importance  for  the 
city  always  to  keep  its  harbor  up  to  the  standard  of  the  increasing  re- 
quirements of  commerce,  both  for  navigation  and  for  the  required  facil- 
ity for  loading  and  discharging  vessels  ;  and  the  aim  of  this  paper  is 
briefly  to  describe  the  harbor  and  some  of  its  constructions,  in  accord- 
ance with  the  wish  of  several  members  of  the  American  Society  of  Civil 
Engineers. 
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Harbor  and  Roads. — The  accompanying  map,  Plate  XIII,  shows  the 
plan  of  the  present  harbor  and  anchorage,  and  also  the  improvements 
proposed  and  commenced  for  their  extension. 

The  real  harbor  of  commerce  (the  navy-yard  and  anchorage  situated 
to  the  east  of  this  and  occupying  a  considerable  area  are  not  considered 
here)  traverses  the  city  in  the  form  of  an  arch,  beginning  at  the  entrance 
toward  the  north,  extending  in  a  direction  nearly  south,  and  ending  in  a 
direction  nearly  west.  Its  width  varies  from  about  300  feet  to  650  feet,  and 
its  whole  length  is  about  13  000  feet.  It  has  places  for  loading  and  dis- 
charging vessels  on  the  whole  western  and  northern  sides,  and  on  about 
5  000  feet  of  its  southeastern  shore. 

The  narrowness  of  the  harbor  prevents  the  use  of  cross-piers,  and 
only  in  a  single  place  has  it  been  possible  to  build  a  parallel  pier  without 
interfering  with  navigation. 

The  depth  of  water  is  24  fod  (24.7  feet)  in  most  of  the  northern  part 
of  the  harbor,  and  20  fod  (20.6  feet)  in  the  remaining  part  for  a  distance 
of  about  10  500  feet,  the  depth  referring  to  the  mean  water  level.  No 
change  of  any  importance  in  this  level  is  due  to  the  tide,  although  the 
large  inflow  of  freshets  to  the  Baltic  Sea  and  gales  in  the  Baltic  Sea,  the 
Kattegat  and  the  North  Sea  sometimes  produce  a  considerable  rise  and 
fall  of  the  water  level  and  a  consequent  current  through  the  harbor. 

From  the  harbor,  canals  are  led  through  the  town  on  both  sides  of 
the  main  channel  ;  as  these  canals  are  intended  for  small  coasting  vessels, 
their  depth  of  water  is  only  from  12  to  14£  feet. 

Along  the  western  and  northern  sides  of  the  main  harbor  there  runs 
a  quay,  intended  both  for  the  general  road  traffic  and  for  transporting, 
by  railway  lines,  cattle  and  merchandise  between  the  vessels  and  the 
railroad  station  or  the  warehouses  on  the  opposite  side  of  the  quay.  On 
the  eastern  side  of  the  main  harbor  the  warehouses  are  built  closer  to 
the  bulkhead  line,  which  is  here  broken  by  several  slips  for  private  use. 
The  height  of  the  bulkhead  above  mean  water  level  is  about  6  feet. 
To  the  north  of  the  entrance  to  the  main  harbor,  there  is  an  excellent 
anchorage  ground,  situated  between  the  coast  line  of  the  city  and  the 
artificially  filled  islands  which  are  partly  occupied  by  the  marine  forti- 
fications of  the  city,  and  partly  by  docks  for  repairing  and  building 
steamships  and  for  coal  supply.  This  anchorage  is  so  well  sheltered 
that  it  may  almost  be  considered  an  outer  harbor.  About  1  000  feet 
of  the  coast  line  to  the  north  of  the  entrance  to  the  main  harbor  is  also 
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used  for  loading  and  discharging  vessels.  The  water  depth  varies  here 
from  18  k  to  22^  feet,  and  through  the  whole  road  there  has  been  exca- 
vated a  channel  with  24:  fod  (24.7  feet)  depth  of  water  and  about  300  feet 
width,  as  shown  on  the  map. 

Even  outside  the  above-named  anchorage,  "The  Sound"  between 
Sweden  and  Denmark  (the  island  of  Zealand)  is  much  used  as  an  anchor- 
age road,  especially  for  vessels  bound  for  the  Baltic  or  the  North  Sea. 

Proposed  Improvements. — The  constant  increase  of  the  trade  of  the 
harbor  has  necessitated  its  extension,  and  the  proposal  of  the  Harbor 
Department  to  extend  the  harbor  in  a  northerly  direction  to  about  7  000 
feet  from  the  entrance  of  the  present  harbor  is  already  in  progress. 

The  preliminary  improvement  is  to  make  a  capacious  basin,  about 
1  250  feet  long  and  620  feet  wide,  with  24  fod  (24. 7  feet)  depth  of  water 
and  about  210  feet  entrance  opening,  and  also  to  excavate  to  24  fod 
depth  outside  the  basin,  as  shown  on  map,  Plate  XIII.  The  excavated 
material  will  be  used  for  raising  the  area  marked  F  on  the  map  6  to  8  feet 
above  mean  water  level.  In  the  most  northerly  of  these  areas  of  land, 
it  is  proposed  to  inclose  a  small  basin  with  but  12J  feet  depth  of  water, 
(the  present  depth  here)  for  coasting  vessels. 

The  completion  of  this  improvement  will  provide  a  place  for  loading 
and  discharging  vessels  for  a  length  of  about  3  000  feet  of  bulkhead  with 
2i  fod  of  water,  and  for  a  length  of  about  1  500  feet  of  bulkhead  with 
12. J  feet  of  water,  and  besides  this  will  give  a  considerable  area  of  land 
to  be  used  for  roads,  warehouses,  factories,  etc.,  which  may  be  connected 
with  the  railroad  depot  as  soon  as  it  is  required. 

In  future  it  may  be  possible  to  continue  this  improvement  to  the 
present  harbor  entrance  by  constructing  two  or  three  basins  of  an  equal 
size  and  depth,  and  to  obtain  a  depth  of  24  fod  of  water  in  the  whole 
western  part  of  the  anchorage,  thus  establishing  a  very  favorable  place 
for  the  loading  and  discharging  of  large  transatlantic  steamers. 

Harbor  Works. — These  consist  principally  in  excavating  to  the 
necessary  depth  of  water,  the  deposit  of  the  excavated  material,  and  the 
construction  of  bulkheads  to  protect  the  land  thus  gained. 

The  excavating  has  been  so  far  executed  by  the  Harbor  Department 
itself,  and  not  until  this  year  has  it  been  given  out  to  contractors .  It 
has  been  done  by  elevator -dredges,  three  of  30  horse-power,  one  of  20 
horse-power,  two  of  15  horse-power  and  two  of  6  horse-power,  the 
largest  of  these  being  about  114    feet  long  and  32  feet  wide,  having 
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its  ladder  in  the  center  of  the  hull  and  its  upper  bucket-drum  astern; 
each  of  the  28  buckets  holding  about  5.5  cubic  feet.  Some  of  the  other 
dredges  have  the  whole  ladder  astern,  thus  making  it  practicable  to  dig 
closer  to  the  bulkheads  or  other  obstacles.  The  scows  are  partly  punts 
and  partly  dumping-scows,  with  a  capacity  of  from  35  to  62  tons  (of 
2  240  pounds),  their  small  dimensions  being  on  account  of  the  narrow 
space  for  their  navigation,  and  in  order  to  float  them  over  the  shoals 
which  are  to  be  filled. 

The  raised  material  is  of  various  kinds,  though  it  mostly  consists  of  a 
very  sticky  blue  clay  (hard  pan),  and  the  cost,  on  an  average  for  several 
years,  has  been  21  cents  for  one  ton  (of  2  210  pounds),  equivalent  to  28 
per  cent,  of  $0.75,  the  estimated  wages  of  one  man  for  10  hours.  (I 
would  state  here,  that  as  the  expense  is  mostly  in  wages,  this  method 
of  stating  it  is  of  use  for  purposes  of  comparison.)  This  figure  includes 
the  dredges'  working  expenses,  captain,  crew,  coal,  oil,  etc.,  divers'  work 
and  cranes  for  lifting  stones,  towing  of  scows,  shoveling  of  the  material 
into  wheelbarrows,  keeping  accounts,  wages  for  the  foremen  and  the 
maintenance  of  machinery  and  tools. 

The  filling  has  so  far  been  mainly  carried  on  by  wheeling  the  material 
out  of  the  scows  in  wheelbarrows  to  a  grade  of  6  to  8  feet  above  mean 
water  level,  and  up  to  a  distance  of  about  100  feet;  the  expense  thereof 
has  been  nearly  4.5  cents  per  ton,  which  includes  the  costs  for  wheeling, 
grading,  foremen,  repairs,  etc.  This  amount  increases,  of  course,  with 
the  distance,  and  is,  for  instance,  about  8.5  cents  for  a  distance  of  400 
feet. 

Lately  experiments  have  been  made  with  iron  dumping-cars  and  18- 
inch  gauge  track  instead  of  wheelbarrows;  each  dumping-car,  holding 
12  cubic  feet,  may  be  drawn  by  one  man.  Thus  the  expense,  especially 
on  longer  distances,  is  materially  reduced;  for  instance,  being  but  5 
cents  per  ton  for  a  distance  of  400  feet. 

Bulkheads. — Although  a  considerable  part  of  the  canals  is  embanked 
by  walls  of  masonry  (granite),  resting  at  one  foot  below  mean  water  level, 
on  a  high  pilework,  the  greater  portion  of  the  bulkheads  in  the  harbor 
and  at  the  anchorage  consists  of  an  all- wood  construction,  of  which  the 
following  data  are  presented,  referring  to  the  accompanying  Plates  XIV 
and  XV,  which  show  the  construction  respectively  in  10  feet  and  20  feet 
depth  of  water;  the  figures  on  the  drawings  are  in  Danish  measure 
(1  inch  Danish  =  1.0297  inches  English). 
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The  construction  is  composed  of  a  front  wall  of  piles  and  planking, 
and  of  an  anchorage  framework  behind  this  wall  and  connected  with  it 
by  two  rows  of  iron  screw-bolts,  one  row  being  about  9  inches  above 
mean  water  level  and  the  other  3  or  4  feet  above  the  same  level. 

The  front  wall  consists  of  a  row  of  piles,  3  feet  5  inches  apart  from 
center  to  center,  driven  with  a  batter  of  one  foot  in  fourteen  and  to  a 
depth  in  the  hard  bottom  of  from  7  to  8  feet.  A  timber  cap  covers  this 
row  of  piles,  being  connected  with  the  piles  by  tenons,  mortises  and  wooden 
pins ;  adjoining  parts  of  this  cap  are  connected  by  scarfs  2  feet  long  and 
four  |-inch  screw-bolts  over  one  of  the  piles. 

Behind  this  row  of  front  piles  there  is  first  placed  a  planking  in  hori- 
zontal courses,  collected,  before  placing,  into  panels,  with  a  length  of 
nearly  30'  9",  their  lower  edge  shaped  to  the  bottom  in  the  rear  of  the 
piles  and  their  upper  edge  horizontal;  the  planks  in  such  a  panel  are 
kept  together  by  vertical  scantlings,  3  feet  5  inches  apart  from  center  to 
center.  Being  finished  ashore  or  upon  a  floating  scow,  the  panel  is 
brought  to  the  rear  of  the  pile  row,  lowered  down  to  the  bottom,  forced 
a  few  inches  into  the  ground,  and  then  fastened  at  its  upper  edge  by 
spikes  to  the  piles,  this  edge  being  then  about  5  inches  above  the  water 
level.  The  joints  between  the  different  panels  are  always  behind  one  of 
the  front  piles. 

In  the  rear  of  this  horizontal  planking  there  is  then  driven  down 
vertical  sheeting  planks  to  a  depth  of  nearly  3  feet  below  the  surface  of 
the  bottom;  these  planks  are  sawn  off  at  the  same  height  as  the  upper 
edge  of  the  horizontal  planking  and  fixed  to  this  by  spikes. 

Above  this  double  planking  a  longitudinal  timber  is  fastened  to  all 
the  piles,  and  above  this  timber  again  a  double  sheet  of  horizontal 
planks,  with  breaking  joints,  constitutes  a  tight  partition  for  the  earth 
behind  it.  In  order  to  protect  the  main  cap  and  increase  the  tightness, 
two  longitudinal  planks  are  placed  in  the  rear  of  the  cap  and  the  upper 
planking,  as  shown  on  the  drawings. 

On  the  outer  side  of  the  front  piles  two  horizontal  fenders  are  fastened 
by  spikes  to  all  the  piles. 

The  anchorage  framework  behind  the  front  wall  extends  backward 
from  13  to  35  feet,  depending  on  the  depth  of  water,  and  consists  of 
vertical  bearing  piles  driven  5  to  6  feet  in  hard  bottom,  and  connected  at 
the  upper  ends  with  a  horizontal  cross-cap,  fastened  to  the  bearing-piles 
by  tenons  and  mortises,  spikes  and  dogs,  as   shown  on  the  drawings . 
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These  frameworks  are  about  10'  3"  apart  from  center  to  center,  measured 
in  the  direction  of  the  bulkhead. 

Above  them  are  two  or  three  longitudinal  timbers  passing  through 
the  whole  length  of  the  bulkhead  and  connected  with  the  cross-caps  by 
cogging  them  into  each  other  and  by  screw-bolts.  Through  the  foremost 
and  strongest  of  these  girders  and  each  of  the  front  piles  is  led  a  screw- 
bolt,  the  diameter  of  which  varies  from  l±"  to  H''»  according  to  the  depth 
of  water.  To  prevent  this  girder  from  canting  by  the  considerable 
stresses  acting  upon  it  as  soon  as  the  soil  has  been  filled  in  the  rear  of 
the  front  wall,  it  is  secured  in  its  position  by  blocks  fastened  to  the 
upper  side  of  each  cross-cap  by  one  screw-bolt  and  two  coaks. 

The  other  longitudinal  girders  are  fastened  in  the  same  manner,  and 
the  foremost  of  these  is  used  to  secure  the  ties  (10'  3"  apart  from  center 
to  center),  which  support  the  upper  part  of  the  front  wall  against  the 
pressure  of  the  filling,  to  the  anchorage  framework,  while  the  rear  girder 
rests  against  the  inclined  bracing-piles  (driven  7  to  8  feet  in  the  hard 
bottom  with  a  batter  of  one  foot  in  two),  which  are  the  most  important 
members  in  the  whole  construction,  in  order  to  secure  the  position  of 
the  front  wall. 

In  building  a  bulkhead  of  this  construction,  it  will  generally  be  most 
favorable  to  commence  by  placing  the  bearing-piles,  cross-caps  and  lon- 
gitudinal girders,  as  thereby  an  excellent  platform  is  constructed  for  the 
heavy  pile-drivers  required  to  drive  the  bracing-piles  and  the  front  piles; 
and  in  rilling  in  the  backing  soil  it  is  especially  necessary  to  commence 
with  filling  round  the  bracing-piles  and  not  to  fill  up  close  to  the  front 
piles  until  this  material  has  settled  sufficiently. 

The  material  used  in  the  construction  is  Pomeranian  fir,  except  in 
the  bearing  and  bracing-piles,  the  material  of  which  is  Swedish  spruce,  a 
lighter  and  looser  kind  of  wood  than  the  former;  sometimes  the  cap  of 
the  front  wall  and  the  foremost  girder  of  the  anchorage  framework  are 
made  of  oak. 

All  timber  in  the  rear  of  the  front  wall  and  more  than  one  foot  below 
mean  water  level  is  protected  against  decay  by  embedding  it  in  blue 
clay.  Protection  against  the  teredo  is  established  by  coating  the  front 
piles  on  all  four  sides  and  the  outer  side  of  the  planking  with  wrought 
sheet-iron,  Birmingham  W.  G.,  No.  19  (1.69  pounds  per  square  foot), 
from  one  foot  below  the  bottom  to  one  foot  above  mean  water,  fastened 
by  3"  nails.     Lately  it  has  been  tried  to  substitute  for  the  sheet-iron  on 
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the  outer  side  of  the  planking  a  sheet  of  tarred  felt  between  two  sheets 
of  thinner  horizontal  planks  instead  of  having  only  one  sheet  of  thicker 
planks  in  the  panel;  but  no  data  has  so  far  been  obtained  as  to  this  im- 
23roveaient. 

The  portion  of  this  structure  above  mean  water  level  will  stand 
against  decay,  say  25  years,  but  can  then  easily  be  repaired  by  sawing 
off  the  front  piles  about  6"  below  the  water  and  placing  thereon  a  hori- 
zontal cap,  secured  with  tenons  and  mortises,  this  cap  being  a  base  for  a 
new  timber  wall  anchored  to  the  old  anchorage  framework  and  extended 
up  to  the  grade  of  the  bulkhead. 
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DISCUSSION    ON 
LEVEE  THEORY  TESTED    BY  FACTS. 


By  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E. 


In  the  paper  on  "Levee  Theory  Tested  by  Facts,"  published  in  the 
October  Transactions,  1884,  the  author  has  announced  himself  as  be- 
longing to  that  school  of  hydraulic  engineers  -which  advocates  the  im- 
provement of  the  Mississippi  River  by  reducing  its  flood  stages  and 
eliminating  the  low  stages.  It  is  hardly  probable  that  the  most  enthusi- 
astic student  of  river  improvement  would  urge  an  objection  to  a 
waterway  under  such  complete  subjection. 

The  author  of  the  above  paper  has  long  been  a  careful  observer  and 
diligent  student  of  the  pheuomena  attending  the  alternating  high  and 
low  stages  of  the  Mississippi  River,  and  his  views  as  to  how  the  very  de- 
sirable result  of  "equalization"  could  be  accomplished  would  doubtless 
receive  well-merited  attention  from  all  hydraulic  engineers,  and  par- 
ticularly those  who  are  interested  in  this  special  problem. 

*  Levee  Theory  Tested  by  Facts,  by  Robert  E.  McMath,  M.  Am.  Soc.  C.  E.,  No.  291,  Vol. 
XIII,  October,  1884,  page  331. 
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I  am  somewhat  familiar  with  many  of  the  "facts"  quoted,  and  I 
caanot  agree  with  the  author  in  the  statement  that  "all  facts  "  warraDt 
the  conclusions  reached  by  him;  neither  is  the  interpretation  of  the  data 
given  entirely  satisfactory.  As  a  matter  of  engineering  possibility,  I 
have  not  the  slightest  doubt  that  the  floods  of  the  Mississippi  River  can 
be  controlled  and  its  navigation  improved. 

But,  as  I  do  not  profess  to  have  mastered  the  intricacies  of  the 
problem,  and  do  not  believe  that  a  satisfactory  solution  has  yet  beeu 
reached,  I  shall  not  be  expected  to  offer  a  substitute  for  the  plans  already 
proposed.  For  my  own  part,  I  will  be  satisfied  if  I  can  add  eveu  a  little 
to  the  general  stock  of  information  by  citing  some  known  facts. 

The  table  given  on  page  333,  Vol.  XIII,  of  the  Transactions,  purports 
to  show  that  "  wide  places  become  subject  to  deposit  at  high,  and  to 
scour  at  low  stages,  a  reverse  action  occurring  at  the  narrow  sections." 
In  using  this  table,  however,  it  should  be  borne  in  mind  that  "change 
of  channel  depth"  is,  in  most  cases,  quite  small,  and  much  larger  differ- 
ences might  be  shown  in  different  determinations  of  the  depth  at  the 
same  stage.  These  differences  may  be  due  to  discrepancies  in  the 
soundings  themselves,  by  the  soundings  not  being  taken  at  the  same 
point,  or,  if  so,  by  a  slight  lateral  shifting  of  the  channel,  so  that  one  set 
of  soundings  might  miss  the  maximum  depth  entirely.  So  it  will 
readily  be  seen  that,  while  the  table  may  suggest  the  conclusions,  the 
evidence  is  far  from  being  positive.  Furthermore,  in  order  to  enable 
the  reader  to  give  the  data  its  proper  weight,  he  should  be  informed  as 
to  what  the  channel  conditions  are,  both  above  and  below.  The  table 
ends  with  a  section  just  above  where  the  channel  becomes  quite  nar- 
row and  where  high  and  low  water  widths  are  essentially  the  same. 
Under  the  latter  conditions  changes  occur  which  cannot  be  attributed  to 
changes  in  "relative  width."  Numerous  causes  operate  to  affect  chan- 
nel conditions,  among  which  may  be  mentioned  a  flooded  tributary 
producing  back  water,  an  outlet  which  induces  deposit  below  the  open- 
ing, the  character  of  bed  and  banks,  and  obstructions  of  various  kinds. 
These  do  not  yield  to  solution  under  the  doctrine  of  relative  widths; 
hence  it  is  evident  that  the  latter  is  only  one  link  in  the  chain  and 
should  not  be  regarded  as  universal  in  its  application. 

A  careful  scrutiny  of  a  hydrographic  map  and  a  large  number  of 
plotted  sections  between  Cairo  and  Donaldsonville  develops  the  fact 
that,  as  a  general  rule,  to  which  there  are  but  few  exceptions,  the  width 
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of  the  sections  does  not  change  for  stages  ranging  from  bank  full  to,  per- 
haps, 15  feet  below.  That  is,  both  banks  are  vertical  for  a  distance  of 
5  to  15  feet,  or  more,  from  the  top.  For  this  range,  then,  there  is  no 
change  in  relative  widths  to  account  for  changes  in  hydraulic  capacity. 

It  is  well  known  that  deterioration  of  channel  depth  takes  place  on 
a  rising  stage;  still  there  can  be  but  little  doubt  that  high  water  outlets 
exert  a  great  influence  in  the  same  direction. 

The  extent  of  the  deposits  in  the  immediate  vicinity  of  crevasses  at 
four  different  points,  as  derived  by  comparing  the  areas  of  sections  be- 
fore the  flood  of  1S82  with  the  areas  of  same  sections  as  determined 
after  the  floods,  is  shown  in  the  following  table  : 


Number  of  Sec- 
tions COMPARED. 

AvEEAGE  AEEA 

Before  Flood. 

Avebage  Area 
After  Flood. 

Difference. 

29 

67  117  sq.  ft. 

64  947  sq.  ft. 

22  00  qs.  ft. 

16 

81494 

70  494 

11  000 

18 

62  700 

54  300 

8  400 

7 

98  630 

74  830 

23  800 

As  a  result  of  the  observations  at  Lake  Providence,  it  is  stated  that 
"at  the  flood  stage  in  April  (1880),  at  which  time  the  river  overflowed 
its  banks  the  entire  length  of  the  reach,  a  marked  decrease  of  area 
occurred  at  nearly  every  section."  The  observer  further  states,  that  on 
18  out  of  23  sections,  "a  deepening  of  the  channel  takes  place  as  the 
river  passes  from  a  low  to  a  medium  stage."  (Kep.  M.  B.  C,  1882, 
p.  92.) 

The  author  of  the  paper  under  discussion  explains  the  cause  of  de- 
posits below  a  crevasse  by  assuming  that  the  "  velocity  is  accelerated  for 
miles  above  the  outlet,  provokes  local  scour,  and  brings  down  material 
which  passes  into  the  normal  current  below  the  outlet,  where  it  is 
dropped." 

It  must  be  admitted  that  the  velocity  above  the  outlet  is  increased  as 
stated,  but  if  the  action  of  the  outlet  has  such  a  powerful  influence  on  a 
particle  just  above  the  opening,  is  it  not  reasonable  to  suppose  that  it 
will  have  some  influence  on  a  particle  below  the  opening  ?    Supposing 
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that  instead  of  considering  the  particle  "A,"  as  shown  in  Fig.  2,  Plate 
XLIV,  and  reproduced  here  (See  Fig.  1),  we  take  the  particle  "  B"  just 


below  the  outlet,  and  complete  the  parallelogram,  and  we  find  v"  <^v. 

Every  one  who  is  familiar  with  crevasses  is  aware  that  immediately 
below  the  opening  the  current  is  in  the  opposite  direction  to  that  of  the 
main  channel.  The  distance  to  which  this  influence  extends  depends 
on  the  size  of  the  crevasse,  and  the  slope  of  the  land  over  which  it 
flows. 

This  action  was  shown  in  a  very  decided  manner  in  the  case  of 
the  "  Goodrich  Break."  Above  this  break  the  channel  was  divided  by 
Island  97,  and  a  bar  at  the  foot  of  the  island  extended  far  below  the 
break.  The  influence  of  the  crevasse  was  so  great  that  the  water  was  de- 
flected across  the  bar,  and  cut  a  deep  channel  through  it  near  the  foot  of 
the  island  (See  Fig.  2). 

In  the  Davis  crevasse,  near  New  Orleans,  the  influence  of  the  draft  of 
this  break  was  felt  some  distance  out  in  the  river.  In  fact,  the  force  of 
the  outflowing  water  was  so  strong  that  the  steamer  Patrol  was  drawn 
through  the  crevasse,  as  she  was  not  able  to  stem  the  current  with 
engines  working  under  full  head  of  steam.  Below  this  break  was  a 
strong  current  running  in  the  opposite  direction  to  the  normal  flow. 

Again,  the  claim  for  excessive  local  scour  is  confronted  by  the  fact 
that  the  maximum  bank  erosion  does  not  occur  at  an  overflow  stage,  but 
at  a  medium  and  falling  stage. 

Bearing  these  facts  in  mind,  a  more  satisfactory  explanation  of  the 
phenomena  presents  itself  in  the  statement  that  a  crevasse  causes  an  in- 
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crease  in  the  velocity  above  the  outlet,  which  induces  some  increase  in 
erosion  of  bed  and  banks,  and  the  deposit  below  the  outlet  is  due  to  the 
additional  load  derived  from  such  erosion  and  the  slackening  of  the 
normal  current  caused  by  the  deflecting  force  of  the  outlet. 


In  regard  to  the  shoaling  on  the  Hay's  Landing  reach,  the  author 
says  :  "  I  explain  it  as  the  result  of  back  water,  and  nothing  else."  This 
back  water  was  caused  by  the  outflow  from  the  Yazoo  Basin,  and  it  must 
be  evident  that  the  best  way  to  remedy  the  evil  in  this  case  then  would 
be  to  confine  the  water  to  the  channel  along  the  Yazoo  front.  Then 
there  would  be  no  back  water  and,  consequently,  no  shoaling. 

As  bearing  on  the  question  of  quantity  of  material  eroded,  which, 
the  author  says,  "  must  be  sought  for  and  shown,"  it  may  be  stated  that 
from  the  banks  alone  the  caving  from  Commerce  Cut  off  to  St.  Louis 
Landing  (80 miles),  from  1880  to  1883.  nmountedto  2  231  726  cubic  yurds 
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for  each  mile  of  river.  At  Darnell's  Landing,  the  bank  has  caved  at  the 
rate  of  over  600  feet  per  year  during  the  past  five  years. 

"  Depths  given  by  navigators  "  should  never  be  used,  except  as  show- 
ing general  conditions.  They  estimate  their  position  upon  the  bar  and 
not  infrequently  fail  to  find  the  deepest  channel.  The  large  discrepan- 
cies in  the  soundings  recorded  on  different  steamers  passing  the  same 
bar  at  about  the  same  time  show  this  plainly.  Furthermore,  they  often 
"run  aground  "  when  there  is  ample  water  near  by  to  float  them.  A  few 
inches  lighter  draft,  and  they  would  have  made  the  crossing  without 
hindrance,  and  reported  a  depth  that  was  not  the  "best  water  "  by  any 
means. 

On  page  349  the  statement  is  made  that,  "taking  the  known  history 
of  the  Mississippi,  there  has  been  a  slow  but  decided  deterioration  of 
navigable  channel." 

If  we  take  the  testimony  of  navigators  which  the  author  has  accepted 
as  sufficient,  we  find  that,  in  1836,  the  average  depth  of  water  on  the 
shoalest  bars,  from  the  mouth  of  the  Ohio  to  the  mouth  of  the  Arkansas, 
"  was  about  4  feet,"  and  from  the  latter  point  to  the  mouth  of  the  Ya- 
zoo, "  about  5  feet."  In  1857,  "  an  increased  depth  of  4  feet  "  from  the 
Arkansas  to  the  Red  River  was  reported. 

In  1874,  we  find  15  places  less  than  7  feet  and  9  places  less  than  6  feet 
deep  between  the  Ohio  River  and  Lake  Providence.  (See  Rep.  M.  R. 
C,  1881,  page  128  ;  Chief  of  Eng.'s  Rep.,  1875,  page  519.)  In  1883,  the 
same  reach  showed  7  places  less  than  7  feet,  and  no  place  less  than  6  feet 
deep.  The  lowest  stage  in  1874,  as  well  as  the  highest  stage  just  pre- 
ceding it,  were  about  a  foot  lower  than  the  corresponding  stages  of  1883. 

Continuing  the  comparisons  of  the  last  two  dates,  we  find  that,  of  the 
shoals  which  have  remained  in  the  same  locality,  10  show  a  greater 
depth  for  the  later  date,  2  less  depth,  and  1  the  same  depth.  On  the 
whole,  the  evidence  does  not  warrant  the  conclusion  that  there  is  a  pro- 
gressive deterioration  of  channel. 

The  peculiar  relations  existing  at  the  mouth  of  the  Red  River  and 
vicinity  will,  perhaps,  justify  the  introduction  of  a  map,  Plate  XVI,  show- 
ing the  Mississippi  River  as  it  was  in  1774  and  also  in  1883.  The  former  was 
copied  from  a  map  made  by  Wm.  Wilton  in  1774,  and  the  other  is  from 
recent  surveys  made  by  the  U.  S.  Engineers.  It  will  be  noticed  that  in 
the  former  the  main  channel  of  the  river  flowed  around  the  bend,  which  is 
now  called  ''  Old  River,"  and  the  Red  River,  as  well  as  the  Atchafalaya, 
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or  "  Pelousas,"  as  it  was  tlicn  called,  connected  directly  with  it.  Three 
cut-offs  have  occurred  in  this  vicinity,  viz. :  Honioehitto,  Shreve's  and 
Eaccourci.  The  two  latter  were  artificial,  Shreve's  cut-oft'  being  made  by 
the  U.  S.  Engineers  and  Eaccourci  by  the  State  of  Louisiana.  The 
combined  effect  of  these  three  was  to  shorten  the  distance  about  40 
miles,  or  about  two-thirds  of  the  distance  around  the  old  bends. 

Under  the  old  conditions,  it  seems  as  though  every  facility  was  offered 
for  the  river  to  take  a  short  cut  to  the  Gulf  through  the  Atchafalaya, 
which  is  150  miles  shorter  than  the  Mississippi.  At  that  time  it  was  also 
free  from  "  raft,"  as  the  early  records  state  that  "  It  was  first  obstructed 
by  timber  in  1778."  But,  since  then,  the  distance  by  way  of  the  bayou 
has  been  increased  some  6^  miles  in  consequence  of  Shreve's  cut-off,  and 
in  October,  1883,  the  old  water  way  between  the  bayou  and  the  main 
river  was  almost  dry,  "  a  width  of  about  3  feet,  with  less  than  1  foot 
depth,  being  all  that  remained  of  the  river." 

At  present  the  tendency  seems  to  be  to  increase  the  distance  between 
the  river  and  the  bayou  by  the  elongation  of  the  point  just  above  the 
outlet,  and  the  inclination  of  the  bend  to  follow  the  old  Eaccourci  Bend 
southward,  rather  than  a  westerly  movement  toward  the  Atchafalaya. 

Eeferring  again  to  the  map,  and  noting  the  similarity  in  size  of  the 
Eed  Eiver  and  the  Atchafalaya,  as  shown  at  the  earlier  date,  and  the 
continuity  in  direction,  as  represented  on  the  later  map,  and  knowing 
that  "the  banks  of  the  latter  are  composed  of  soil  identical  with  the 
chocolate,  maroon-colored  mud  of  the  Eed  Eiver,"  the  idea  is  suggested 
that  at  some  early  time,  before  the  bend  around  Turnbull  Island  had 
become  so  elongated,  the  Atchafalaya  was  a  part  of  the  Eed  Eiver,  and 
that  the  latter  flowed  directly  to  the  Gulf,  and  was  only  diverted  to  the 
Mississippi  in  consequence  of  the  encroachments  of  the  latter,  which 
cut  it  in  two. 

If  this  is  true,  then  the  Eed  Eiver  was  at  one  time  entirely  "di- 
vorced "  from  the  Mississippi;  at  a  later  period  the  whole  volume 
passed  down  the  Mississippi  in  consequence  of  the  filling  up  of  its  old 
bed,  now  called  the  Atchafalaya.  At  the  present  time  the  volume  is 
divided  between  the  Mississippi  and  the  Atchafalaya,  the  current  flowing 
both  to  and  from  the  former.  During  the  year,  the  number  of  days  of 
inflow  and  outflow  are  about  equal. 

Now,  as  to  the  havoc  which  it  is  supposed  would  be  created  by  carry- 
ing the   entire   volume   down   to  the   Gulf  by   the  main    river.     Mr 
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McMath  claims  that  the  principal  part  of  the  erosion  would  take  place  at 
the  banks  rather  than  the  bottom  in  consequence  of  the  layers  of  clay 
which  '•  are  exposed  endwise  in  the  banks." 

The  clay  layers  are  horizontal,  and  if  the  bottom  of  the  river  were 
the  same,  then  the  claim  might  hold  good.  But  a  section  of  the  river 
approximates  the  form  of  a  triangle  with  an  apex  at  the  bottom  and  near 
one  bank;  hence  the  clay  layers  lying  between  the  shoalest  and  deepest 
part  of  the  section  are  also  exposed  endwise  and  subject  to  the  action  of 
the  water  at  all  stages.  A.n  inspection  of  the  sections  given  in  plates 
VI  to  IX,  Rep.  Miss.  Riv.  Com.,  1883,  shows  that  the  areas  of  the  sec- 
tions might  be  increased  at  least  30  per  cent,  by  erosion  of  the  bed 
alone,  so  that  the  form  of  the  section  would  be  nearly  rectangular. 
Navigation  below  the  Red  River  is  all  that  can  be  desired;  hence  no  im- 
provement is  necessary  unless  it  be  to  aid  in  the  general  scheme  for  im- 
proving portions  lying  higher  up. 

The  effect  of  doubling  the  volume  can  only  be  conjectured;  but,  judg- 
ing from  the  results  in  other  cases  where  the  volume  has  been  considera- 
bly augmented  by  means  of  levees,  there  does  not  seem  to  be  good 
grounds  for  apprehending  such  widespread  destruction  as  foreshadowed 
by  the  author. 

I  regard  the  whole  question  as  one  of  great  interest,  and  a  discussion 
of  known  facts  should  be  beneficial,  as  it  will  aid  those  not  personally 
familiar  with  them  to  judge  more  intelligently  of  the  merits  of  the  dif- 
ferent plans  proposed ,  and  may  serve  to  discover  a  better  solution  for 
the  problem  of  river  improvement. 

I  do  not  believe  that  all  of  the  facts  have  been  considered  by  any 
one,  and  the  multiplicity  of  theories  is  sufficient  evidence  that  a  correct 
interpretation  is  not  always  given. 

My  own  personal  observations,  which  cover  a  period  of  about  eight 
years,  lead  me  to  believe  that  the  main  effort  should  be  directed  toward 
stopping  bank  erosion  and  establishing  a  fixed  channel.  When  this  is 
done  the  stream  will  be  deprived  of  the  great  bulk  of  the  material  which 
now  goes  to  make  up  the  bars  that  obstruct  navigation  and  reduce  the 
hydraulic  capacity  of  the  channel. 
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ADDRESS 

At  the  Annual   Convention,  at  Deer   Park,  Md.,  June  24th,  1885, 

BY 

Frederic  Graff,  President  Am.  Soc.  C.  E. 


Fellow  Members  and  Gentlemen: 

The  by-laws  of  the  Society  make  it  part  of  the  duty  of  the  President 
"  to  deliver  an  address  at  its  Annual  Convention,  giving  a  summary  of 
engineering  progress  during  the  preceding  year." 

It  is  somewhat  difficult  to  realize  that  a  full  year  has  passed  over  our 
heads  since  many  of  us  met  in  the  City  of  Buffalo.  A  few  years  since 
it  would  have  been  hard  to  have  recorded  much  advance  in  so  short  a 
time.  Now,  the  strides  made  in  inventions  and  discoveries  are  so  rapid 
and  the  noble;  works  undertaken  by  our  profession  are  so  numerous  as 
to  preclude  at  this  time  more  than  brief  mention  of  but  a  few  of  them. 
Although  no  positively  new  principle  may  lie  developed,  the  ingenious 
and  novel  application  of  old  ones  is  a  subject  of  constant  surprise. 

Therefore,  endeavoring  to  comply  with  the  by-law  above  quoted,  I 
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shall  review,  as  briefly  as  possible,  some  of  the  works  that  have  been 
previously  commenced,  were  in  course  of  construction,  or  actually 
finished  during  the  past  year.  It  can  scarcely  be  hoped  to  make  such 
a  record  as  is  thus  prescribed  attractive  or  novel  to  those  before  me, 
most  of  whom  are  actively  engaged  in  engineering  works,  but  it  may  at 
least  serve  to  refresh  your  memories. 

The  progress  made  in  railroad  construction  in  this  country  has  been 
less  than  for  several  previous  years  ;  the  number  of  miles  of  new  roads 
built,  it  is  stated,  did  not  exceed  four  thousand  four  hundred,  upon 
about  one  hundred  and  sixty-six  different  roads,  being  an  average  of 
twenty- six  miles  to  each.     This  is  less  than  in  any  year  since  1879. 

There  has  been  considerable  advance  made  in  the  rate  of  speed  upon 
most  of  the  principal  trunk  lines.  We  have  to  accord  the  fastest  short  dis- 
tance, ordinary  daily  travel,  made  in  the  world  to  the  Baltimore  and  Ohio 
Road,  on  that  part  of  its  line  between  Baltimore  and  Washington,  where 
a  distance  of  forty  miles  is  daily  covered  in  forty-five  minutes,  being  an 
average  rate  of  fifty-three  and  one-third  miles  per  hour. 

A  speed  equally  wonderful,  when  the  long  distance  traveled  is  con- 
sidered, is  being  daily  accomplished  upon  the  Pennsylvania  Railroad 
from  New  York  to  Chicago,  a  distance  of  nine  hundred  and  twelve  miles; 
the  average  running  time  made  is  a  little  over  thirty-eight  and  one-half 
miles  per  hour. 

From  a  table  recently  published  we  learn  that  the  Pennsylvania  Road 
runs  trains  between  New  York  and  Germantown  Junction,  Philadelphia, 
eighty-four  miles,  at  the  average  rate  of  forty-nine  and  four  tenth  miles 
per  hour.  The  fastest  English  trains  for  about  the  same  distance  (eighty 
miles)  are  run  at  the  rate  of  forty-seven  and  one-eighth  miles  per 
hour.  Upon  the  French  roads,  for  runs  of  about  the  same  distance,  the 
fastest  record  is  forty-four  and  one-third  miles  per  hour. 

By  way  of  comparison  of  the  early  and  present  locomotives  and  speed 
of  travel,  the  Baltimore  and  Ohio  Railroad,  over  whose  tracks  we  have 
been  brought  to  this  spot,  will  afford  a  good  example.  The  first  loco- 
motive built  in  this  country  to  carry  passengers  was  constructed  by  the 
late  Peter  Cooper,  and  commenced  running  in  1830.  Its  weight  was  less 
than  one  ton,  drawing  one  car,  containing  thirty-six  passengers,  at  the 
rate  of  thirteen  miles  per  hour.  To-day  trains  pass  over  the  road  of  the 
same  company  between  Baltimore  and  Washington  at  the  rate  of  fifty- 
three  and  one  third  miles  per  hour. 


ADDRESS    OF    PRESIDENT   FREDERIC    GRAFF.  229 

The  last  and  heaviest  locomotive  built  has  just  been  finished  by  the 
Baldwin  Works,  Philadelphia,  weighs  about  sixty-four  tons,  has  ten 
driving-wheels,  and  a  capacity  to  draw  500  tons  up  a  grade  of  105  feet 
to  the  mile. 

Cable  roads  for  street  traffic  are  increasing  in  number  and  are  now 
in  use  in  San  Francisco,  Chicago,  Detroit  and  Kansas  City.  Several 
lines  are  being  constructed  in  Philadelphia  ;  the  general  plan  which 
originated  in  San  Francisco  in  1873,  with  modifications  to  suit  the  par- 
ticular locality,  is  the  one  usually  adopted. 

The  elevated  road  just  completed  in  Brooklyn  is,  I  believe,  the  only 
one  of  that  kind  finished  during  the  past  year. 

The  cantilever  principle  for  long-span  railway  bridges  is  much  in 
favor.  It  is  believed  that  the  first  of  any  prominence  built  upon  this 
arrangement  was  erected,  under  the  direction  of  one  of  our  fellow  mem- 
bers, over  the  Kentucky  River,  on  the  line  of  the  Cincinnati  Southern 
Railway.  This  has  a  total  length  of  1 125  feet,  and  a  clear  span  of  300 
feet,  and  was  finished  in  the  year  1877. 

The  Niagara  cantilever  bridge  was  retested  during  the  year,  and  has 
shown  remarkable  immunity  from  changes,  giving  increased  confidence 
in  its  stability  and  the  correctness  of  the  principles  of  its  construction, 
which  have  been  so  fully  elucidated  in  the  interesting  and  valuable 
paper  recently  read  before  the  Society  by  our  fellow  member,  Mr.  C.  C. 
Schneider. 

The  grandest  work  of  this  character  is  the  bridge  now  building  over 
the  Firth  of  Forth.  The  construction  of  a  bridge  of  twenty-two  sjDans, 
two  of  which  are  of  the  enormous  length  in  the  clear  of  1  700  feet  each,  is 
certainly  a  most  formidable  undertaking.  The  compression  members  of 
the  spans  will  consist  of  tubes,  composed  of  steel  plates  bent  to  form, 
and  properly  united  by  H-beams  ;  they  will  vary  in  diameter  from 
twelve  to  three  feet.  The  tubular  form,  of  course,  presents  no  novelty 
of  principle,  it  having  been  used  in  St.  Louis,  and  other  structures,  but 
the  size  is  unprecedented.  The  large  piers  consist  of  four  cylinders, 
each  of  seventy  feet  diameter  at  the  lower  cutting  edges  ;  they  are  sunk 
by  the  pneumatic  system.  Serious  difficulties  have  not  been  encoun- 
tered in  sinking  them  to  the  depths  of  68  to  88  feet.  No  new  methods 
are  employed,  and  none  that  were  not  successfully  used  at  the  St.  Louis 
and  East  River  bridges,  and  at  the  new  bridge  building  across  the 
Susquehanna  at  Havre  de  Grace  for  the  Baltimore  and  Ohio  Railway 
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differing,  perhaps,  only  in  the  details  of  air-locks,  and  means  of  remov- 
ing the  excavated  earth  and  supplying  its  place  with  concrete. 

A  cantilever  bridge  has  also  been  completed  across  the  St.  John's 
River,  to  connect  the  Inter- colonial  railways  with  those  of  the  United 
States.  It  has  a  clear  span  of  479  feet — 9  feet  more  than  that  at  Niagara 
Falls.  This  completes  a  link  whereby  the  time  between  New  York  and 
Halifax  can  be  shortened  twenty-three  hours,  and  will  eventually  be  the 
means  of  reducing  the  trip  from  New  York  to  Europe  very  materially. 

The  work  of  sinking  the  pier  foundations  for  the  bridge  now  build- 
ing at  Havre  de  Grace  for  the  new  line  of  the  Baltimore  and  Ohio  Rail- 
road has  been  prosecuted  with  much  vigor,  and  presents  examples  of  the 
most  advanced  practice  in  the  pneumatic  method  of  sinking  caissons. 
This  work  is,  as  you  are  aware,  being  carried  forward  by  members  of 
our  Society. 

The  Tay  bridge  is  now  being  rebuilt  upon  improved  plans  and  on  a 
new  alignment.  The  resources  now  at  the  command  of  our  bridge-builders, 
modern  improvements  in  the  manufacture  of  steel,  with  more  reliable 
knowledge  of  its  powers  of  endurance  and  resistance,  make  it  possible 
to  overcome  difficulties  that  within  a  few  years  past  would  have  been 
considered,  if  then  proposed,  as  almost  insurmountable. 

It  is  scarcely  necessary  to  point  out  how  much  has  been  done  to 
increase  the  security  of  such  structures,  and  modify  their  cost  by  the 
now  very  general  use  of  improved  testing  machines,  both  those  belong- 
ing to  the  Government  and  such  as  are  owned  by  bridge  manufacturers 
and  others.  This  Society  can  look  with  satisfaction  to  its  efforts  in  in- 
fluencing and  fostering  the  use  of  such  means. 

Next  in  order  to  the  transport  of  railways  over  rivers  comes  to  be 
mentioned  the  means  of  carrying  them  under  the  streams  and  through 
the  mountains. 

Of  the  former,  the  tunnel  under  the  Mersey,  between  Liverpool  and 
Birkenhead,  has  been  carried  to  completion.  Operations  were  begun 
in  1880.  4  200  feet  of  its  length  is  under  the  bed  of  the  river.  It  is 
through  red  sandstone,  and  was  driven  by  means  of  the  Beaumont  ma- 
chine. There  is  a  drainage  tunnel  under  the  bed  of  the  road  of  7  feet 
diameter,  and  a  similar  passage  of  the  like  diameter  near  the  top  of  the 
main  tunnel  for  artificial  ventilation. 

A  tunnel  for  the  use  of  the  Great  Western  Railway,  of  about  four  and 
a  half  miles  long,  was  commenced  under  the  Severn  in  1873.     Work  was 
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carried  on  with  but  little  difficulty  until  the  drifts  were  within  about  130 
yards  of  meeting.  A  large  influx  of  water  took  place  in  1879,  thereby 
delaying  the  work,  now,  however,  approaching  completion. 

The  Channel  tunnel,  which  has  caused  England  so  much  uneasiness, 
has  been  driven  on  the  British  side  for  a  distance  of  about  one  and  a 
quarter  miles,  and  on  the  French  side  almost  half  a  mile.  It  is  found 
by  more  than  9  000  soundings  that  gray  chalk  extends  entirely  across 
the  channel.  Work  was  done  mostly  by  the  Beaumont  machine,  and 
no  very  serious  impediments  have  been  met  with.  The  water  so  far 
found  is  in  pockets,  and  perfectly  fresh.  There  is  but  little  doubt  that 
the  tunnel  could  be  completed  for  the  amount  estimated.  Work  upon 
it  is  now  suspended. 

The  greatest  achievement  of  modern  mountain  tunneling  is  the 
Arlberg,  reaching  from  Innisbruck  in  the  Tyrol  to  Lake  Constance 
in  Switzerland.  Headings  were  commenced  at  both  ends  November 
13th,  1880,  were  pierced  through  November  19th,  1883,  and  the  whole 
completed  September,  1884.  Two  methods  of  doing  the  work  were 
adopted.  Upon  the  Tyrol  side  the  Ferroux  percussion  air-drills  were 
used,  and  on  the  Swiss  side  the  Brandt  hydraulic  boring- machine.  The 
distance  accomplished  by  the  air-drills  was  14  874  feet,  and  by  the  hy- 
draulic machine  17  351  feet.  The  rock,  however,  on  the  Tyrol  side  was 
harder,  and  presented  more  difficulties  than  upon  the  other  end.  The 
work  was  carried  on  with  ixnexampled  rapidity,  showing  remarkable 
progress  in  the  methods  employed.  The  following  comparison  with  the 
two  mountain  tunnels  previously  constructed  will  show  the  advance 
made  in  that  class  of  work :  the  Mt.  Cenis  tunnel,  seven  and  four-tenths 
miles  long,  cost  about  3376  per  foot  run ;  the  St.  Gotharcl,  nine  and 
three-tenths  miles  long,  cost  about  $238  per  foot.  The  Arlberg,  six 
aud  two-tenths  miles  long,  was  completed  for  about  $180  per  lineal  foot. 

Hydraulic  wedges,  consisting  of  rams  with  cutting  edges  have  been 
used  successfully  to  force  down  semi-detached  masses  of  rock  in  tunnels 
and  coal-mines,  to  a  marked  extent  decreasing  the  use  of  explosives. 

The  Metropolitan  District  Railway  of  London  has  constructed  a  new 
section  of  four  miles  length,  much  of  it  under  the  most  formidable 
difficulties,  which  may  be  judged  of  by  the  cost,  which  in  some  parts 
wus  $120  per  lineal  inch  run. 

Of  the  great  canal  projects,  that  of  the  Count  de  Lesseps  across  the 
Isthmus  has  probably  made  as  much  progress  during  the  year  past  as 


232  ADDRESS    OF    PRESIDENT   FREDERIC    GRAFF. 

could  Lave  been  expected  with  a  work  of  such  magnitude,  and  present- 
ing so  many  obstructions. 

The  Suez  Canal  has  almost  reached  its  full  capacity,  and  a  large  sum 
of  money  is  about  to  be  granted  for  enlargement. 

Of  the  recently  completed  canals,  the  Maritime,  from  Cronstadt  to 
St.  Petersburg,  is  the  most  important.  It  is  about  seventeen  and  three- 
quarter  miles  long,  and  navigable  for  vessels  drawing  twenty  feet.  Work 
of  excavation  was  mostly  done  by  dredging  machines,  and  has  cost,  in- 
cluding branches,  over  $8  250  000. 

Excavation  of  a  canal  across  the  Isthmus  of  Corinth  is  progressing 
satisfactorily,  and  may  probably  be  completed  in  another  year.  It  is 
designed  to  be  of  the  same  width  as  the  Suez  Canal,  is  four  miles  long, 
and  will  reduce  the  length  of  voyage  from  the  Adriatic  to  Turkey  fully 
185  miles. 

Improvement  of  the  navigation  of  our  western  rivers  by  the  use  of 
movable  dams  has  been  tested  fully  in  several  cases.  The  Davis  Island 
work  is  all  completed,  except  the  lock-gates,  and  machinery  to  work 
them.  These,  it  is  expected,  will  be  finished  during  the  year.  It  was, 
however,  tested  last  summer  by  constructing  a  temporary  coffer-dam 
across  the  head  of  the  lock,  which  admitted  a  rise  of  the  river  sufficient 
to  show  doubters  of  its  utility  how  great  the  advantages  will  be  when 
completed.  Movable  dams  on  the  Great  Kanawha  River  continue  en- 
tirely successful,  and  have  proved  their  usefulness  on  several  occasions 
during  the  past  year. 

It  is  believed  that  probably  the  earliest  application  of  movable  dams 
for  maintaining  the  water  level  of  rivers  was  made  by  Mr.  Josiah  White, 
who  patented  the  so-called  "Bear-trap"  dam,  an  ingenious  automatic 
device,  and  erected  twelve  such  in  1819  upon  the  Upper  Lehigh  and  its 
tributaries.  A  similar  dam  to  these  is  now  proposed  to  be  built  on  the 
Kentucky  River  at  Beattyville. 

It  is  gratifying  to  find  the  words  given  below  in  the  report  of  the 
United  States  Engineers  for  1881:  "Jetties  of  the  South  Pass  of  the 
Mississippi  have  maintained  the  full  depth  and  width  of  channels  re- 
quired by  law  during  the  year  embraced  by  this  report."  This  is  cer- 
tainly a  full  and  ample  acknowledgment  of  the  very  valuable  work 
accomplished  by  our  fellow  member,  Mr.  James  B.  Eads. 

The  stupendous  project  for  building  a  ship  railway  across  the 
Isthmus,  proposed  by  this  distinguished  engineer,  has  been  so  fully 
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explained  and  clearly  described  by  the  papers  recently  read  before  the 
Society  by  Mr.  Corthell  as  to  make  any  further  mention  unnecessary. 

Methods  of  transporting  earth  when  combined  with  water  have  been 
extensively  employed  under  the  charge  of  the  United  States  Engineers 
at  Oakland,  opposite  San  Francisco.  The  sand  under  the  surface  is 
worked  loose  by  a  species  of  submerged  plough  fixed  upon  the  lower 
end  of  a  revolving  tube,  through  which  the  sand  and  water  are  raised 
by  a  centrifugal  pump  and  delivered  through  pipes  to  any  point  re- 
quired. It  is  found,  under  favorable  circumstances,  as  much  as  forty 
per  cent,  of  solid  matter  can  thus  be  delivered  at  a  distance  of  2  S00 
feet  from  the  dredging  machine.  Sixty  thousand  cubic  yards  were  de- 
livered in  this  manner  to  a  distance  of  1  200  feet  in  one  month,  at  a  cost 
of  from  five  to  six  cents  per  cubic  yard. 

The  water-jet  has  been  used  in  many  cases  during  the  year  in  sinking 
piles  and  similar  work.  An  experimental  trial  has  been  recently  made 
to  deepen  parts  of  New  York  Harbor  by  means  of  an  hydraulic  injector- 
jet,  with  some  prospect  of  success. 

The  most  extensive  and  important  work  for  the  water  supply  of  a  city 
is  that  upon  the  new  aqueduct  tunnel  from  the  Croton  Dam.  Considera- 
ble work  has  been  done  upon  the  shafts  and  tunnel  between  the  dam  and 
High  Bridge.  It  is  a  work  of  great  magnitude,  and  is  being  conducted 
with  all  the  engineering  ability  that  can  be  brought  to  bear  upon  it. 

The  next  work  of  importance  for  similar  purposes  is  the  tunnel 
being  constructed  for  the  increased  supply  of  Washington  City.  It 
will  be  about  20  750  feet  long,  through  rock.  Compressed  air  is  used, 
not  only  for  the  drills,  but  for  hoisting,  pumping  and  ventilating.  Air 
from  the  compressors  is  carried  overground  through  five  miles  of  pipe, 
which  will  finally  be  extended  to  ten.  This  tunnel  was  commenced 
November,  1881,  and  is  expected  to  be  finished  during  the  present  year. 
In  connection  with  it  the  dam  at  Potomac  Falls  will  be  raised,  and  a 
distributing  reservoir  of  large  capacity  be  built. 

The  works  for  the  supply  of  Baltimore,  which  some  of  you  have  had 
the  opportunity  of  examining,  have  also  a  conduit  in  tunnel  of  seven 
miles  in  length  ;  five  years  were  occupied  in  its  construction  ;  it  is 
twelve  feet  in  diameter,  and  carries  the  water  from  the  dam  to  the  re- 
ceiving reservoir.  These  works,  with  their  white  marble  dams,  large 
storage  and  distributing  reservoirs,  are  now  considered  among  the  most 
complete  and  satisfactory  in  the  country. 
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This  may  almost  be  said  to  be  an  age  of  tunneling.  In  this  brief 
record  we  refer  to  three  mountain  tunnels,  Mt.  Cenis,  St.  Gothard 
and  Arlberg ;  three  water  supply  tunnels,  Baltimore,  Croton  Aque- 
duct and  Washington  City ;  three  sub-aqueous  tunnels,  Severn, 
Mersey  and  British  Channel.  It  is  scarcely  necessary  to  say  that 
the  use  of  compressed  air  for  power  and  ventilation,  hydraulic  machines 
and  high  explosives,  have  made  practical,  works  of  this  character  that 
would  formerly  have  been  impossible. 

Thorough  and  extensive  surveys  are  now  being  made  by  the  Water 
Department  of  the  city  of  Philadelphia,  and  gaugings  and  rainfall  data 
obtained,  with  the  object  of  ascertaining  the  most  feasible  plan  for 
increasing  and  improving  the  water  supply  to  the  city. 

The  subject  of  maintaining  the  purity  of  the  sources  of  water  supply 
is  now  demanding  serious  attention.  There  are  many  points  not  yet 
fully  understood  nor  satisfactorily  accounted  for,  notably  the  cause  of 
water  becoming  foul  in  deep  storage  reservoirs,  as  at  Baltimore,  Bead- 
ing and  other  places. 

The  analysis  of  water  is  still,  to  some  extent,  a  doubtful  process.  A 
thoroughly  reliable  standard  of  absolute  purity  and  wholesomeness  has 
apparently  not  yet  been  agreed  upon  or  made  known  by  those  engaged 
in  investigation  of  the  subject. 

A  method  of  oxidation  of  the  impurities  in  water,  by  forcing  air  at 
high  pressure  through  it  in  the  ascending  mains  and  reservoirs,  has 
within  the  year  been  tried  at  the  works  from  which  Hoboken  receives 
its  supply  ;  it  is  believed  to  be  successful.  Apparatus  is  now  being  put 
into  use  for  the  same  purpose  at  three  of  the  pumping  stations  of  the 
works  at  Philadelphia. 

The  advantages  of  aerating  water  by  passing  over  dams  and  obstruc- 
tions has  long  been  acknowledged.  Arrangements  were  introduced  at 
Belmont  Works,  Philadelphia,  in  1872,  to  expose  the  water  discharged 
from  the  pumping  main  to  the  action  of  the  air,  by  passing  it  over  three 
weirs  and  down  the  sloping  banks  of  the  reservoirs.  If  the  same  object 
can  be  accomplished,  and  more  rapidly  by  the  method  above  mentioned, 
it  will  be  an  important  point  gained.  Dr.  Angus  Smith  experimented 
in  1882  on  the  effect  of  forcing  air  through  sewage,  and  showed  con- 
clusively that  "  water  saturated  with  air  was  no  longer  liable  to  putre- 
faction." 

Knowledge  of  the  amount  of  rainfall  available  from  drainage  areas 
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has  received  much  valuable  addition  from  careful  aud  extended  observa- 
tions of  those  engaged  upon  the  surveys  for  the  supply  of  New  York, 
Boston,  Philadelphia,  and  other  large  cities.  There  is  now  in  England 
a  society  called  the  "British  Rainfall  Association,"  the  object  being  to 
put  up  as  many  proper  rain-gauges  as  possible  upon  drainage  areas,  and 
elsewhere.  It  numbers  over  2  000  intelligent  observers.  The  impor- 
tance of  such  records  can  be  fully  appreciated  by  those  of  our  members 
who  have  been  called  upon  to  study  the  important  bearing  of  such  de- 
terminations upon  water  supply  from  gathering  grounds,  and  the  main- 
tenance of  the  navigation  of  our  rivers. 

Supply  of  hydraulic  power  to  the  public  has  been  in  use  in  Hull, 
England,  since  July,  1882.  The  system  is  now  being  introduced  into 
London.  Mains  for  the  purpose  are  laid  upon  both  sides  of  the  Thames, 
from  Blackfriars  to  London  Bridge.  These  are  kept  supplied  by  triple- 
cylinder  compound  pumping  engines,  through  an  accumulator,  under 
pressure  of  fully  700  pounds  to  the  square  inch.  Power  thus  produced 
is  utilized  on  both  banks  of  the  river  by  cranes,  elevators  and  driving 
machinery.  One  of  the  most  useful  of  its  functions  is  an  ingenious 
arrangement  for  increasing  the  efficiency  of  water  supply  during  fires. 
By  means  of  a  so-called  "  injector-hydrant,"  water  taken  from  the 
ordinary  supply  mains  at  a  pressure  of  about  thirty  pounds  to  the 
square  inch  can  be  made  to  deliver  150  gallons  per  minute  through  a 
1-inch  nozzle  to  a  height  of  over  80  feet,  with  a  consumption  of  about 
24  gallons  from  the  main  under  high  pressure.  The  advantage  of  such 
a  system,  available  at  a  moment's  notice,  upon  the  docks,  and  in  neigh- 
borhoods where  valuable  storehouses  are  situated,  can  readily  be  seen. 

Compressed  air  has  also  been  supplied  to  the  public  in  several  cities 
of  Europe,  applied  to  production  of  power  for  small  machines,  the 
transportation  of  parcels  through  business  establishments,  and  for 
postal  and  telegraphic  purposes,  by  a  somewhat  similar  arrangement  to 
that  which  has  been  some  time  in  use  by  the  Western  Union  Telegraph 
Company  in  New  York. 

One  of  the  most  important  developments  of  the  year  is  the  utiliza- 
tion of  natural  gas  for  fuel  in  manufactures  and  for  domestic  use.  By 
its  employment  it  has  been  found  that  a  cleaner  and  better  grade  of  iron 
and  steel  made  by  the  Siemens'  open  hearth  method  has  been  produced 
than  by  the  use  of  coal. 

A  novel  use  of  compressed  carbonic  acid  gas  is  made  at  the  Krupp 
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works.  Gas  is  admitted  under  very  high  pressure  over  the  steel  in 
molds  during  its  solidification,  thus  securing  perfect  castings.  This 
gas  is  now  supplied  commercially  in  Germany  compressed  to  a  liquid 
state  in  iron  bottles.  In  Berlin  it  is  now  used  by  the  steam  fire  en- 
gines as  motive  power,  enabling  them  to  do  service  before  getting  up 
steam. 

Much  attention  has  been  paid  to  sanitary  engineering,  but  the  best 
system  of  disposing  of  sewage  and  the  "merits  of  separate  or  combined 
systems  of  sewers  are  still  mooted  questions.  The  latter  can  probably 
be  best  decided  by  the  topography  and  local  conditions  of  the  place  to 
be  drained. 

An  exceedingly  ingenious  method  of  sinking  shafts  through  quick- 
sand employed  in  Europe  deserves  mention.  The  whole  mass  surround- 
ing the  shaft  was  frozen  solid  by  sinking  pipes  around  its  sides  by 
means  of  sand-pumps  ;  into  these  was  forced  a  freezing  mixture.  By 
this  means  a  space  24  x  27  x  18  feet  deep  was  frozen  in  thirty  days,  the 
shaft  sunk  and  walled  without  damage  or  danger  to  those  employed. 

In  telegraphy,  the  Delaney  multiplex  method  of  passing  as  many  as 
seventy-two  messages  over  one  wire  has  been  developed  in  the  year,  and 
is  in  practical  use  between  Boston  and  Providence.  The  Phelps  system, 
whereby  messages  may  be  transmitted  to  and  from  rapidly  moving 
trains,  bids  fair  to  be  one  of  the  most  important  and  useful  applications 
of  telegraphy  invented. 

The  electrical  exhibition  held  in  Philadelphia  last  year  afforded  an 
excellent  opportunity  to  study  the  rapid  strides  being  made  in  that 
branch  of  engineering.  Tests  have  been  and  are  still  making  by  the 
Franklin  Institute  upon  the  duration  of  incandescent  lights,  and  to  de- 
termine the  economy  and  efficiency  of  the  dynamos  and  kindred  appara- 
tus submitted  for  the  purjjose. 

I  think  we  may  look  forward  to  the  use  of  electricity  as  motive 
power  on  our  railroad  trains,  probably  applied  to  every  pair  of  wheels 
upon  the  entire  train,  thus  dispensing  with  the  excessively  heavy  loco- 
motives of  the  day,  to  the  great  advantage  and  reduced  cost  of  the 
bridges  and  roadbed. 

Considerable  improvement  has  been  made  in  the  duty  performed  by 
water-works  pumping-engines,  much  rivalry  being  exhibited  by  several 
builders.  Compound  engines  have  in  all  cases  been  adopted,  mostly 
with  horizontal  steam  and  pump  cylinders.     The  time-honored  Cornish 
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purnping-engine  is  now  almost  entirely  abandoned,  even  in  conservative 
England. 

Duties  ranging  from  Si  000  000  to  105  000  000  foot-pounds  with  100 
pounds  of  coal  have  been  claimed  upon  trial  tests.  Some  of  the  most 
jiowerful  and  successful  pumping-engines  are  those  employed  upon 
oil-pipe  lines.  They  are  of  the  Worthington  compound  duplex 
type  ;  the  work  performed  is  exceedingly  severe,  the  requirements  in 
many  cases  being  the  delivery  of  15  000  barrels  of  crude  oil  per  day, 
frequently  under  a  pressure  equal  to  a  head  of  3  500  feet,  the  engines 
being  required  to  run  day  and  night  throughout  the  year.  Engines  of 
this  class  were  ordered  from  and  sent  to  England  by  Mr.  Worthington, 
for  the  purpose  of  forcing  water  through  a  pipe  line  across  the  desert, 
but  the  withdrawal  of  the  army  from  Egypt  made  them  unnecessary. 

I  cannot  close  without  congratulating  the  Society  upon  its  progress, 
increasing  promiuence  and  usefulness.  The  accession  of  members  in 
the  past  year  has  been  greater  than  in  any  other  since  its  formation. 
The  high  standard  of  requirements  necessary  for  admission  to  member- 
ship has  in  no  way  been  relaxed,  and  it  is  hoped  will  be  rigidly  main- 
tained. The  reports  of  committees  upon  "  Uniform  Tests  of  Cements," 
"Uniform  Standard  Time,"  "  Preservation  of  Timber,"  and  many  other 
subjects,  have  exhibited  much  labor  and  research,  and  must  undoubt- 
edly prove  of  great  advantage. 

May  we  not,  from  the  experience  of  the  past,  anticipate  a  prosperous 
future  for  the  American  Society  of  Civil  Engineers  ? 
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DESCRIPTION  OF  SOME  EXPERIMENTS  MADE  ON 
THE  PROVIDENCE,  R.  I.,  WATER  WORKS,  TO 
ASCERTAIN  THE  FORCE  OF  WATER  RAM  IN 
PIPES. 


By  Edmund  B.  Weston,  M.  Am.  Soc.  C.  E. 
Bead  November  19th,  1884. 


The  experiments  were  conducted  by  the  writer,  on  the  Providence, 
B.  I. ,  Water  Works,  a  number  of  years  since,  at  the  request  of  Mr.  S. 
M.  Gray,  City  Engineer. 

At  the  time  they  were  commenced,  it  was  merely  the  intention  to 
ascertain  the  force  of  water  ram  that  could  be  generated  above  the  static 
pressure,  in  a  wrought-iron  pipe  of  1  £  inches  in  diameter,  under  differ- 
ent conditions.  But  the  character  of  the  results  obtained  from  this  pipe 
led  to  miscellaneous  experiments  being  made,  with  a  line  of  cast  and 
wrought-iron  pipes  of  other  sizes.  To  these  pipes  was  connected  a 
small  air  chamber,  that  could  be  used  or  thrown  out  of  service  at 
pleasure. 
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It  will  be  seen,  by  an  examination  of  tlie  accompanying  tables  and 
diagrams,  that  many  of  the  results  obtained  from  the  experiments  are 
remarkably  singular.  It  is  not  the  intention  of  the  writer  to  advance 
any  theories  in  regard  to  them,  but  to  simply  present  them,  with  a  few 
comments  upon  their  nature,  and  a  brief  explanation  of  the  manner  in 
which  the  experiments  were  made. 

Arrangement  of  the  Pipes. — The  arrangement  of  the  pipes  that  were 
used  in  making  the  experiments,  and  the  points  where  the  force  of  the 
ram  was  measured,  are  shown  on  Plate  XVII. 

All  of  the  pipes  were  located  above  the  surface  of  the  ground,  and 
firmly  secured  in  position. 

Air  Chamber. — The  air  chamber,  which  was  at  times  connected  to 
the  pipes,  was  2£  inches  in  diameter,  and  42  inches  in  height  (E,  Plate 
XVII).  When  it  was  thrown  out  of  service  it  was  filled  with  water,  and 
when  it  was  brought  into  service  it  was  charged  in  the  ordinary  way. 

The  only  experiment  that  was  made  in  order  to  ascertain  the  efficiency 
of  this  chamber  showed  that  a  static  pressure  of  70  pounds  caused  the 
water  line  to  rise  to  within  10  inches  of  the  top,  and  that  a  force  of  ram 
equivalent  to  35  pounds  above  the  static  pressure  caused  it  to  rise  to 
within  9  inches  of  the  top. 

Supply  of  Water. — The  water  used  in  making  the  experiments  was 
taken  under  very  favorable  conditions  from  a  6-inch  distribution  pipe, 
which  was  directly  supplied  from  two  24-inch  mains. 

Manner  of  Ascertaining  the  Force  of  the  Ram. — The  ram  was  produced 
by  suddenly  closing  a  valve  in  the  outlet  pipe,  after  the  water  had  been 
flowing  some  little  time.  The  average  period  required  to  close  this 
valve  was  about  n/'u  of  a  second.  The  force  of  the  ram  was  regulated  by 
using  orifices  of  different  sizes,  that  were  connected  to  the  outlet  pipe  as 
required,  and  it  was  measured  by  the  aid  of  a  Richards  Steam  Engine 
Indicator,  which  was  tested  under  hydraulic  pressure  before  and  after 
being  used.  Owing  to  a  lack  of  experienced  assistance,  only  one  indi- 
cator was  used,  and  the  force  of  the  ram  at  the  various  points  in  the 
pipes  was  measured  at  different  times;  the  valve  in  the  outlet  pipe  and 
the  indicator  being  operated  by  the  same  persons  throughout  the  ex- 
periments. This  method  was  not  considered  as  satisfactory  as  though 
several  indicators  could  have  been  used,  and  the  force  of  the  ram  meas- 
ured simultaneously  at  the  different  points  in  the  pipes,  although  an 
extensive  series  of  observations  showed  that  the  same  person  with  prac- 
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tice  could  operate  the  valve  in  the  outlet  pipe  very  uniformly  under  the 
various  conditions  in  which  it  was  used.  The  uniformity  with  which 
this  was  done  can  be  seen  on  Plate  XVIII,  where  are  shown  copies  of  two 
papers  that  were  taken  from  the  indicator  during  the  experiments.  The 
vertical  lines  on  these  papers  represent  the  force  of  the  ram  in  pounds 
per  square  inch,  as  it  was  recorded  while  orifices  of  different  sizes  were 
connected  to  the  outlet  pipe.  The  quantity  of  water  used  per  second 
was  carefully  measured  in  each  case,  after  the  experiments  for  determin- 
ing the  force  of  the  ram  had  been  completed. 

Details  of  Making  the  Experiments. — Everything  being  in  readiness, 
one  of  the  orifices  was  screwed  on  to  the  outlet  pipe,  and  the  indicator 
connected  at  the  first  point  where  the  force  of  the  ram  was  to  be 
measured,  the  piston  played  for  a  few  moments,  and  a  line  representing 
the  static  pressure  drawn  upon  the  paper.  The  valve  in  the  outlet  pipe 
was  then  opened,  and  after  the  water  had  been  flowing  some  little  time, 
it  was  suddenly  closed,  and  a  line  representing  the  force  of  the  ram 
drawn  upon  the  paper  (Plate  XVIII).  Then  the  valve  in  the  outlet  pipe 
was  again  opened,  and  after  a  sufficient  length  of  time  had  elapsed  to 
allow  the  water  in  the  pipes  to  regain  its  normal  flow,  the  indicator  drum 
was  revolved  a  short  distance,  and  a  new  line  representing  the  force  of 
ram  drawn  upon  the  paper  in  the  same  manner,  as  before  (Plate  XVIII). 
When  a  sufficient  number  of  experiments  had  been  made  with  one  orifice, 
it  was  removed  and  another  size  substituted  ;  and  the  same  method  of 
recording  the  force  of  the  ram  and  the  static  pressure  employed,  as  has 
already  been  described. 

After  all  the  orifices  had  been  used,  and  the  recording  of  the  force  of 
the  ram  and  the  static  pressure  completed  at  the  first  point,  the  indica- 
tor was  disconnected,  and  as  required,  connected  at  the  other  points  in 
the  pipes  where  the  force  of  the  ram  was  to  be  measured  (Plate  XVII), 
and  the  same  course  carried  out,  with  the  different  orifices,  as  was  done 
at  the  first  point.  This  method  of  measuring  the  force  of  the  ram  was 
continued  until  all  of  the  experiments  had  been  completed  ;  and  in 
several  instances  a  number  of  the  experiments  were  repeated,  by  going 
over  the  ground  a  second  time. 

At  the  conclusion  of  the  experiments,  the  vertical  lines  corresponding 
to  the  different  orifices  were  carefully  scaled  above  the  line  of  static- 
pressure  from  the  indicator  papers  (Plate  XVIII),  and  their  mathe- 
matical means  taken  in  each  instance  as  the  force  of  the  ram. 
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The  average  static  pressure  throughout  the  experiments  was  75  pound 
to  the  square  inch. 

Experimental  Results. — Three  independent  sets  of  experiments  were 
made,  the  arrangement  of  the  pipes  in  each  instance  being  different. 
They  have  been  classified  under  the  heads  of  the  first,  second  and  third 
series,  and  the  explanations  and  results  relating  to  them  are  as  follows. 
A  slight  difference  that  existed  in  the  elevation  of  several  of  the 
points  where  the  force  of  the  ram  was  measured  (Plate  XVII)  was  not 
taken  into  account  in  the  construction  of  the  tables  and  diagrams. 

First  Series  of  Experiments. 

'  The  pipes  used  in  making  the  experiments  of  this  series  are  shown 
on  Plate  XVII,  located  to  the  left  of  the  valve  G.  The  water  flowed  from 
the  supply  pipe,  through  the  6-inch  pipe  as  far  as  the  point  D,  then 
through  the  2-inch  and  1^-inch  pipes,  to  the  1-inch  outlet  pipe  A,  where 
it  was  discharged,  the  remaining  pipes  between  D  and  C  having  been 
converted  into  a  dead  end  by  the  closing  of  the  valve  C. 

By  inspecting  Table  1  and  Plates  XIX  and  XX,  where  the  results  of  this 
series  are  to  be  found,  it  can  be  seen  that  the  force  of  the  ram  rapidly 
increased  in  pipes  of  the  same  diameter,  as  the  velocity  of  the  water 
increased.  Also,  that  the  force  of  the  ram  which  was  produced  by 
suddenly  closing  the  valve  in  the  outlet  pipe  A,  while  the  water  was 
being  discharged  through  orifices  from  £  to  J  inch  in  diameter,  was 
perceptibly  felt,  though  in  a  less  degree,  in  the  2  J  -inch  pipe  at  the  point 
6 1 ,  which  was  more  than  300  feet  distant,  and  at  the  extremity  of  the  dead 
end  ;  it  being  of  greater  force  in  this  pipe  than  it  was  at  the  point  5  in 
the  6-inch  pipe,  which  was  much  nearer,  and  through  which  the  water 
was  flowing. 

Second  Series  of  Experiments. 

The  conditions  under  which  this  series  of  experiments  were  made 
are  the  same  as  they  were  in  the  first  series,  with  the  exception  that  a 
length  of  3  feet  of  the  l£-inch  pipe  at  the  point  3  was  cut  out,  and  the 
same  length  of  3-inch  pipe  substituted.  By  inspecting  the  results  of 
this  series,  which  are  to  be  found  in  Table  2  and  on  Plates  XXI  and  XXII. 
it  can  be  seen  that  the  force  of  the  ram  in  the  3-inch  pipe  was  generally 
more  than  it  was  in  the  1 1  -inch  pipe  at  the  point  2,  and  less  than  it  was 
at  the  point  4.      Also,  as  in  the  first  series,  the  force  of  the  ram  rapidly 
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increased  in  pipes  of  the  same  diameter,  as  the  velocity  of  the  -water 
increased. 

Third  Series  of  Experiments. 

The  pipes  that  were  used  in  making  this  series  of  experiments  are 
those  shown  on  Plate  XVII,  located  to  the  left  of  the  valve  B,  which  was 
closed,  thereby  throwing  the  2-inch  and  1^-inch  pipes  to  the  right  of  it 
out  of  service.  The  water  flowed  from  the  supply  pipe,  through  the 
6-inch,  4-inch,  21-inch,  2-inch  and  lj-inch  pipes,  to  the  outlet  pipe  B, 
where  it  was  discharged. 

By  inspecting  the  results  of  this  series,  which  are  to  be  found  in 
Table  3  and  on  Plates  XXIII  and  XXIV,  it  can  be  seen  that  the  force  of 
the  ram  increased  very  rapidly  in  the  different  pipes,  as  their  diameter 
decreased;  and,  as  in  the  first  and  second  series,  increased  rapidly  in 
pipes  of  the  same  diameter,  as  the  velocity  of  the  water  increased. 

Comparison  of  the  First  and  Third  Series  of  Experiments. 

By  inspecting  Table  4  and  Plate  XXV,  which  were  especially  construct- 
ed for  the  purpose  of  comparing  the  results  of  these  two  sets  of  experi- 
ments, it  is  noticeable  that  the  force  of  the  ram  that  was  perceptible  in 
the  2i-inch  pipe  when  it  was  being  used  as  a  dead  end,  as  in  the  first 
series,  varied  only  a  few  pounds  from  the  force  of  the  ram  that  was 
produced  in  the  same  pipe  by  suddenly  checking  the  water  as  it  was 
flowing  through  it,  as  in  the  third  series. 

Tables. 

Tables  1,  2  and  3  show  the  force  of  the  ram  in  pounds  per  scpaare 
inch  above  the  static  pressure,  at  the  various  points  wThere  it  was 
measured  in  the  pipes  of  different  diameters.  Also,  the  velocity  of  the 
water  in  the  pipes,  and  the  size  of  the  different  orifices  of  discharge  that 
were  used,  with  the  number  of  measurements  that  were  made  while  each 
size  was  connected  to  the  outlet  pipe. 

The  points  in  the  pipes  are  indicated  by  the  numbers  at  the  head  of 
the  table,  and  correspond  to  the  figures  inclosed  in  circles  on  Plate  XVII. 

Diagrams. 

The  different  diagrams  show  the  plotted  experimental  results,  and 
correspond  to  the  several  tables. 
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TABLE  1. 
(See  Plates  XVII,  XIX  and  XX.; 
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TABLE  2. 
(See  Plates  XVII,  XXI  and  XXII). 


5  s" 

M    C 

Velocity  in 
Ft.  Per  Second. 

No.  2. 
1^  Inches. 

No.  3. 
3  Inches. 

No.  4. 
lh  Inches. 

No.  4,,*WITH  AlR- 

Chambee  in 
Service. 

g  §  2 

t/: 

H 

Inches. 

.17 
•46 
1.19 
2.37 
3.00 
4.47 

3 
Inches. 

.04 
.12 
.29 
.59 
.75 
1.12 

No.  of 

Meas . 

Ram. 

No.  of 
Meas. 

Rain. 

No.  of 
Meas . 

Bam. 

No.  of 
Meas . 

Ram. 

j 

4 
8 
13 
10 
10 
3 

15.0 

26.9 

61.2 

113.8 

138.9 

195.3 

5 

15 
15 
16 
14 

2 

10.6 
27.9 
64.5 
120.8 
150.5 
206.8 

5 
10 

8 
9 
2 

13.2 

31.0 

75.3 

126.4 

150.2 

203.3 

* 

i 

E 

16 

3 

s 

4 
3 
3 
3 
3 

29.5 

70.7 

123.7 

151.0 

200.3 

*4[  while  the  air-chamber  was  in  service. 
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TABLE  3. 
(See  Plate  XVII,  XXIII  and  XXIV.) 
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*5,  and  G,  while  the  air-chamber  was  in  service. 
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TABLE   4. 

A  comparison  of  the  results  from  Tables  1  and  3,  of  the  first  and  third 
series  of  experiments,  showing  the  force  of  the  water  ram,  in 
pounds  per  square  inch,  in  the  pipes  of  different  diameters,  while 
orifices  of  different  sizes  were  connected  to  the  outlet  pipe. 

(See  Plate  XXV.) 


a 

Diameter 

or  Pipes. 

CD 
U 

1  Inch. 

H  Inches. 

2£  Inches. 

6  Inches. 

51 

o 

Force  of  the  Ram. 

s 

o 

Table  1. 

Table  3. 

Table  1. 

Table  3. 

Table  1.* 

Table  3. 

Table  1. 

Table  3. 

j. 

26.9 

72.8 

129.3 

158.7 

15.0 
35.0 

66.7 

76.1 

106.3 

177.5 

32.3 

70.3 

128.8 

3 

1 
4 

49.4 
61.5 
81.8 
121.5 

18.8 

22.2 

14.5 

4.8 

5 

35.6 
52.0 

6.6 

f 

42.2 

23.5 

51.7 

15.8 

i 

88.3 

99.0 

36.8 



1 

183.0 

80.1 

5 

Air-Chamber  in 

Service. 
16.8 

14.0     i 

12.3 

1 

49.3 

38.7 

25.6 

2 

1 

105.8 

65.6 

*  Dead  end. 
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THE  PRESERVATION   OF  TIMBER 

Report  of  the  Committee  on  the  Preservation  of  Teviber,  Pre- 
sented and  Accepted  at  the  Annual  Convention,  June  25th, 
1885. 


WITH  DISCUSSION. 


The  committee  on  the  "Preservation  of  Timber"  was  appointed 
early  in  1880. 

Even  before  the  gathering  of  statistics  on  forestry  for  the  census  of 
that  year,  it  had  become  evident  to  engineers,  from  the  increasing  price 
and  growing  difficulty  in  procuring  good  timber,  lumber  and  railroad 
ties  in  many  parts  of  the  United  States,  that  several  of  the  sources  of 
such  supplies  were  being  rapidly  exhausted,  and  that  as  a  measure  of 
both  private  and  national  economy  it  would  soon  become  necessary  for 
us  to  resort  to  the  artificial  preparation  of  wood  against  decay,  as  had 
been  successfully  done  for  years  in  Europe. 

The  principal  questions  before  the  committee  were  to  determine 
which  methods  of  preserving  timber  against  decay  were  most  successful, 
and  which  were  best  adapted  to  the  needs  and  current  practice  in  this 
country. 
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Designing  to  base  its  report  only  upon  well  ascertained  facts,  the 
committee  undertook  to  gather  as  fully  as  practicable  the  records  of  the 
experiments  that  had  thus  far  been  made  in  the  United  States,  in  order 
to  compare  them  with  each  other,  and  with  the  results  in  Europe. 

During  the  first  year  the  committee  accomplished  but  little.  It  had 
to  overcome  the  public  indifference  which  then  existed  on  the  subject, 
and  the  popular  impression  that  probably  no  good  would  result  from  the 
investigation,  as  it  was  doubted  whether  there  were  any  successful  pro- 
cesses aiiplicable  to  this  country.  It  also  had  to  ascertain  where  the 
much-scattered  information  desired  was  to  be  found. 

This  it  was  determined  to  do  by  circulars  and  correspondence,  in 
order  to  find  ivJw  possessed  the  data  of  past  experiments,  and  who  would 
be  willing  to  impart  it.  For  this  purpose  the  committee  issued  some 
2  000  circulars,  with  postal  cards  inclosed,  on  which  a  form  of  answer 
was  printed.  It  corresponded  with  some  350  persons,  gathered  and 
studied  some  55  pamphlets,  examined  104  patents,  and  thus  obtained  the 
results  of  some  147  experiments,  which  are  hereinafter  tabulated  and 
commented  upon. 

"When  this  information  began  to  come  in,  the  committee  found  it 
very  confusing.  Not  only  were  there  the  greatest  possible  differences 
in  the  opinions  which  were  expressed,  but  the  facts  seemed  to  contradict 
each  other.  Apparently  the  same  processes  seemed  to  give  different 
results,  and  these  again  differed  from  the  European  experience. 

The  committee,  therefore,  made  a  preliminary  report  to  the  Washing- 
ton Convention  in  1882,  and  asked  for  more  time  to  ascertain  how  each 
experiment  had  been  carried  out,  and  to  sift  the  evidence. 

This  was  very  tedious,  both  because  there  were  few  written  records 
of  these  experiments  and  we  had  to  rely  upon  personal  recollections, 
and  because  the  various  persons  who  possessed  such  remembrance  (and 
sometimes  it  required  three  or  four  to  recollect  the  details  of  one  experi- 
ment) had  changed  their  business  connection,  and  were  scattered  all  over 
the  country. 

The  committee  here  wishes  to  express  its  grateful  thanks  for  the 
univei'sal  kindness  and  care  with  which  its  inquiries  have  been  answered 
by  the  various  gentlemen  whose  names  will  be  found  quoted  as 
"authority"  in  the  records  of  experiments  (last  column).  Whatever 
value  this  report  may  prove  to  possess  is  due  to  their  assistance. 

Necessity  for  Preserving  Timber. 

The  data  on  forestry  gathered  for  the  census  of  1880  have  made  it 
apparent  that  the  time  has  now  arrived  when  railway  and  other  interests 
must  largely  resort  to  the  artificial  preparation  of  wood,  in  many  parts 
of  the  United  States. 

As  something  may  be  accomplished  by  economy  in  the  use  of  timber 
and  by  preventing  waste,  the  Washington  Convention  instructed  the 
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committee  to  include  the  latter  subject  in  its  report.  This  was  intrusted 
to  Mr.  Francis  Collingwood,  who,  from  past  researches  and  present  in- 
clination, was  best  fitted  for  the  task,  and  who  has  furnished  a  mono- 
graph on  the  subject,  which  will  be  found  in  Appendix  No.  1,  and  to 
which  particular  attention  is  invited. 

From  this  it  appears  that  our  Northern  white  pine  forests,  which 
less  than  a  generation  ago  were  considered  as  inexhaustible,  now  bid  fair 
to  yield  but  eleven  years  more  of  supply  at  the  existing  rate,  and  that 
there  is  a  growing  scarcity  of  wood  suitable  for  railroad  ties. 

These  facts  must  soon  produce  advancing  prices.  The  farther,  but 
still  accessible,  supplies  are  now  being  drawn  upon,  and  as  soon  as  they 
are  exhausted  prices  will  go  up  with  a  jump.  Several  such  periodical 
advances  have  already  taken  place,  and  in  the  older  States,  lumber, 
timber  and  ties  are  ruling  at  about  double  the  rates  prevailing  thirty  or 
forty  years  ago,  with  a  prospect  that  in  less  than  half  that  time  they  will 
approximate  European  prices. 

Timber  has  hitherto  been  so  abundant  and  cheap  in  the  United 
States  that  there  has  been  but  little  inducement  or  economy  in  preserv- 
ing it  artificially  against  decay.  It  was  known  that  the  Europeans,  who 
have  been  experimenting  on  the  subject  for  more  than  a  century,  had 
accomplished  decided  success;  but  inasmuch  as  to  be  effective  the  work 
must  be  well  done  it  was  found  here  to  be  relatively  too  costly. 

So  long  as  wood  was  cheap,  the  cost  of  efficient  preparation,  includ- 
ing interest  on  plant  and  price  of  antiseptics,  was  so  great  in  proportion 
to  the  ruling  timber  prices  twenty  or  thirty  years  ago  that  timber  pres- 
ervation did  not  pay.  It  was  cheaper  to  let  it  rot  in  the  good  old  way, 
and  many  corporations  and  individuals,  after  trying  experiments  which 
were  more  or  less  successful,  abandoned  the  work  as  not  conferring 
benefits  commensurate  with  the  cost. 

Fresh  attention  was  attracted  to  the  subject  by  the  publication  of 
Messrs.  Colburn  and  Holley's  report  upon  European  Eailways  in  1858. 
In  this  very  valuable  treatise  a  chapter  was  devoted  to  sleepers,  and  to 
their  preparation  against  decay.  This  brought  about  the  erection  of 
some  wood-preparing  works  by  the  larger  railways,  and  a  plentiful  crop 
of  so-called  inventions  to  cheapen  the  processes. 

The  chief  efforts  of  this  crop  of  inventors  were  either  to  discover 
some  cheaper  antiseptics,  or  to  use  a  less  quantity  than  had  been  found 
to  be  requisite  in  Europe.  They  also  proposed  to  reduce  the  time  of 
application.  These  efforts  to  produce  effects  with  cheaper  agents,  or  to 
apply  the  homeopathic  principle  of  small  doses  to  the  preservation  of 
timber,  did  not  meet  with  success.  The  inventors  patented  sundry 
preparations  and  methods,  took  such  jobs  as  they  could  obtain,  sold 
whatever  State  and  county  rights  they  could,  and  retired  from  the  field 
when  the  insufficiency  or  danger  of  their  process  became  apparent.  We 
will  hereafter  describe  some  of  these  processes,  and  it  may  fairly  be  ex- 
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pected,  should  the  publication  of  this  report  lead  to  renewed  attention 
to  the  subject  of  wood  preservation,  that  there  will  be  a  new  crop  of  in- 
ventions based  on  the  method  of  "  how  not  to  do  it." 

It  will  hereafter  be  seen  that  some  of  the  processes  which  have 
been  successful  abroad  led  to  indifferent  or  unsatisfactory  results  in 
this  country.  The  committee  has  endeavored  to  ascertain  the  causes 
of  this,  and  found  them  in  the  unobservance  of  some  of  the  conditions 
which  have  been  found  necessary  to  success  in  Europe.  These  relate  to 
the  time  occupied  in  treatment,  to  the  methods  pursued,  to  the  strength 
and  quality  of  the  solutions  employed,  and  especially  to  the  fact  that 
the  Europeans  chiefly  operate  upon  seasoned  timber,  while  we  have 
generally  operated  upon  green  or  freshly  cut  timber,  which  requires  a 
different  treatment. 

These  various  points  will  be  touched  upon  in  describing  the  princi- 
pal experiments  which  have  been  conducted  in  this  country,  and  will  be 
found  fairly  to  account  for  whatever  differences  have  been  found  in  the 
results — differences  so  great  as  to  have  led  many  managers  of  import- 
ant interests  to  doubt  whether  any  method  of  wood  preparation  against 
decay  could  be  said  to  be  successful. 

Preserving  Processes. 

Although  experiments  in  wood  preserving  now  date  back  some  cen- 
turies, and  the  list  of  substances  experimented  with  seems  nearly  end- 
less, *  there  are  but  few  antiseptics  which  have  stood  the  test  of  time, 
or  have  been  worked  commercially. 

Special  activity  seems  to  have  set  in  with  the  Railway  Era,  and  the 
consequent  demand  for  timber  which  had  to  be  exposed  to  the  weather. 

Hundreds  of  patents  were  then  taken  out  in  England,  and  the  com- 
mittee has  collected  104  issued  in  the  United  States.  Few  of  them, 
however,  have  proved  permanently  successful. 

Mr.  W.  P.  Moir,  in  a  paper  read  in  1869  before  the  Philosophical 
Society  of  Glasgow,  gives  the  following  list  of  the  names  of  the 
patentees  and  the  most  valuable  compounds  employed  : 

*In  a  treatise  on  the  preservation  of  timber,  by  Wm.  Chapman,  Civil  Engineer,  pub- 
lished in  London  in  1817,  will  be  found  records  of  experiments  with,  and  mode  of  applica- 
tion of,  the  following  substances : 

Sulphate  of  iron.  Arsenic,  Mineral  coal, 

Sulphate  of  copper,  Barytes,  Charcoal  powder, 

Nitrate  of  silver,  Salt,  Coal-tar  oil. 

Corrosive  sublimate,  Quick-lime,  Vegetable  oils, 

Sulphate  of  zinc,  Alumine,  Fish  oils, 

Carbonate  of  soda,  Selenite,  Essential  oils, 

Caustic  soda,  Soap,  Vapors  of  oil, 

Charring,  Resin,  etc.,  etc.,  etc., 

which  had  been  applied  to  the  preservation  of  timber  for  ships,  jetties,  bridges,  buildings, 
etc.,  etc.  This,  it  will  be  seen,  covers  almost  all  the  ground  since  traveled  over  by  paten- 
tees, who  are  constantly  even  now  experimenting  with  and  x>atenting  substances  which  had 
been  investigated  and  discarded  by  Mr.  Chapman  and  his  predecessors. 
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Kyan 1832     Chloride  of    mercury. 

Margary 1837     Sulphate  of    copper. 

Bethell 1838)  n  ,  ■,,-■, 

Bethell 1848  \ Creosote  or   pitch  oil. 

Burnett 1838  )  rn  i     •  i       «     • 

Burnett 1810  \ Chloride  of  zinc. 

Boucherie 1839     Pyrolignite  of  iron. 

Boucherie 1816     Sulphate  of   copper. 

Payne 1811     Sulphate  of  iron. 

Payne 1846     Carbonate  of  soda. 

Concerning  the  modes  of  application,  Mr.  Moir  says  : 
"  The  methods  employed  practically  in  working  these  patents  were 
three  in  number,  namely  :  steeping,  vital  suction  and  pressing  in  close 
vessels  ;  Kyan  and  Margary  employed  the  first  mentioned  method  ; 
Boucherie  employed  the  second,  and  Payne,  Burnett  and  Bethell  employed 
the  third,  which  was  also  latterly  adopted  by  Boucherie.  The  first  and 
third  methods  required  that  the  timber  should  be  seasoned  and  free 
from  sap." 

These  original  patents  have  now  all  expired,  and  the  use  of  the  anti- 
septics which  have  proved  most  effective  is  open  to  the  public.  What- 
ever valuable  patents  have  since  been  taken  out  refer  chiefly  to  the  modes 
of  application,  such  as  steaming  in  closed  cylinders,  to  season  the  wood 
and  remove  the  sap,  and  various  devices  to  prevent  the  antisej^tic  from 
washing  out  upon  exposure.  Whether  it  will  pay  to  use  them  each 
party  will  determine  for  himself,  but  it  may  be  said  in  general  terms 
that  we  now  know  the  antiseptics  which  are  most  effective,  and  that  the 
best  modes  of  application  are  also  pretty  well  known. 

It  will  much  simplify  matters,  for  those  who  have  not  made  a  study 
of  the  subject,  to  group,  so  far  as  possible,  the  records  of  experience 
under  the  names  of  the  best  known  processes,  and  to  include  therein 
various  modifications  which  had  sufficient  of  novelty  to  form  the  basis 
for  a  new  patent.  We  have,  therefore,  classified  the  various  experiments 
in  the  United  States,  concerning  which  we  have  been  enabled  to  gather 
information,  under  the  following  heads  : 

1.  Kyanizing — or  use  of  corrosive  sublimate. 

2.  Burnettizing — or  use  of  chloride  of  zinc. 

3.  Creosoting — or  use  of  creosote  oil. 

4.  Boucherie — or  use  of  sulphate  of  copper. 

5.  Miscellaneous — or  use  of  various  substances. 

In  referring  to  these  experiments,  we  have  endeavored  to  point  out 
the  causes  of  the  success  or  the  failure,  and  where  full  information 
seemed  desirable,  we  give,  in  the  appendix,  the  text  of  letters  received 
by  us  over  the  names  of  their  respective  writers. 

Many  of  these  gentlemen  took  sufficient  interest  in  the  matter  to 
hunt  up  and  send  to  the  committee  specimens  of   the  timber  operated 
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upon  in  these  experiments.  These  specimens  were  exhibited  at  the 
National  Exposition  of  Railway  Appliances,  held  in  Chicago  in  June, 
1883,  and  are  now  deposited  in  the  museum  of  the  Civil  Engineers' 
Club  of  the  University  of  Illinois,  at  Champaign,  Illinois. 

Kyanizing. 

As  already  stated,  Kyanizing  was  first  introduced  in  1832.  It  con- 
sists in  steeping  the  timber  in  a  solution  of  corrosive  sublimate,  prob- 
ably the  most  powerful  autiseptic  known  next  to  creosote. 

The  original  proportions  were  one  pound  of  the  dry  salt  to  four  gal- 
lons of  water,  or  a  solution  three  per  cent,  strong  by  weight.  Of  this 
the  timber  absorbed  six  or  seven  pounds  of  salt  per  "load"  of  50  cubic 
feet,  or  say  ten  to  twelve  pounds  per  1  000  feet,  board  measure.  As  the 
price  of  tbis  chemical  was  then  $1.25  per  pound,  it  cost  some  $12  or  $14 
per  1  000  feet,  board  measure,  and  this  led  to  a  more  sparing  use  of  it. 
Ultimately  the  solution  was  reduced  to  one  pound  to  ten  gallons,  or  even 
fifteen  gallon  of  water  (1.2  to  0.8  per  cent,  by  weight),  and  with  the  latter 
the  timber  absorbed  about  two  and  a  half  pounds  of  the  salt  per  1  000 
feet,  board  measure. 

It  was  also  applied  by  the  "  Boucherie"  process,  but  the  timber  was 
found  to  absorb  too  much  of  the  salt,  and  some  of  the  solution  neces- 
sarily ran  to  waste.  The  cost  induced  some  of  the  contractors  to  further 
reduce  the  strength  of  the  solution.  To  speak  in  plain  terms,  it  led 
them  to  cheating,  and  Kyanizing  fell  into  contempt  in  England.  More- 
over, the  process  is  very  tedious,  because  of  the  length  of  time  required 
to  impregnate  the  timber,  and  there  are  now  but  two  private  establish- 
ments in  this  country  (which  will  be  noticed  further  on)  which  Kyanize 
timber  for  their  own  use. 

As  this  salt  now  costs  fifty  to  sixty  cents  a  pound,  and  as  an  absorp- 
tion of  four  or  five  pounds  per  1  000  feet,  board  measure,  is  considered 
sufficient,  Kyanizing  now  costs  about  $6  per  1  000  feet,  board  measure. 
Where  and  when  it  will  be  profitable  to  use  it  will  depend  upon  the 
price  of  the  timber  and  its  subsequent  exposure,  and  in  order  to  serve 
as  a  basis  for  forming  conclusions  on  this  subject  we  have  compiled  the 
table  on  page  253  of  sixteen  experiments,  which  have  been  made  in  this 
country,  and  we  add  the  comments  which  they  seem  to  require. 

Comments  on  Kyanizing  Experiments. 

Concerning  the  first  exjaeriment  in  the  list,  General  T.  J.  Cram  says, 
in  a  report  to  the  Chief  of  Engineers,  made  September  9th,  1870  : 

"I  have  found  our  northern  red  cedar  treated  with  the  old  Kyan 
process  (an  infusion  of  corrosive  sublimate),  after  22  years'  exposure, 
lying  on  a  slope  of  strong  limy  soil,  to  have  gone  to  decay,  especially 
the  lower  ends  of  the  sticks,  and  Kyanized  white  oak  of  Michigan,  rest- 
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ing  upon  the  same  kind  of  dirt,  dozed  and  rotted  twenty  years  after  the 
treatment. 

"  Chestnut  railroad  ties,  grown  upon  the  barrens  of  Maryland, 
Kyanized  and  laid  upon  a  limy  soil,  some  miles  north  of  Baltimore,  in 
1838, 1  saw  tested  11  years  afterward,  and  then  perfectly  sound  and  more 
solid  than  when  laid  ;  while  those  of  the  same  kind  of  wood,  untreated 
but  laid  at  the  same  time,  in  the  same  kind  of  soil  and  exposure  with 
the  treated  ones,  lasted  only  7  years  before  they  required  renewal. 

"  This  experiment  of  Kyanizing  timber  was  the  first,  I  believe,  ever 
practiced  in  our  country.  Ties  enough  were  treated  for  1  mile  of  track, 
costing  12 i  cents  per  cubic  foot  of  timber.  The  process,  however,  was 
so  unhealthy,  salivating  all  the  men,  it  had  to  be  abandoned.  It  would 
be  worth  while  to  ascertain  if  those  Kyanized  ties  are  yet  sound.  At 
that  time  the  untreated  ties  cost  only  14  to  16  cents." 

Diligent  inquiries  among  the  present  officers  and  some  of  the  former 
officials  of  the  Northern  Central  Eailroad  have  failed  to  elicit  any 
further  information  as  to  the  final  result  of  this  experiment.  It  is  very 
evident,  however,  why  it  was  not  followed  up.  Cross-ties  usually  con- 
tain from  2  to  3  h  cubic  feet  of  timber,  which,  at  12  J  cents  per  cubic 
foot,  would  make  the  cost  of  treatment,  at  that  time,  from  25  to  44  cents 
per  tie.  This  is  wholly  out  of  proportion  with  their  original  cost,  which 
was  14  to  16  cents  apiece.  The  same  ties  would  now  cost  untreated 
about  50  cents  apiece,  and  at  the  reduced  cost  of  corrosive  sublimate 
could  be  Kyanized  for  15  to  25  cents  each. 

The  records  of  a  similar  experiment  (No.  3)  on  the  Louisa,  now 
Chesapeake  and  Ohio  Railroad,  are  furnished  by  Mr.  H.  D.  Whitcomb. 
It  appears  to  have  been  successful  up  to  a  certain  time,  and  then  to  have 
been  lost  sight  of,  probably  because  the  cost  of  preparation  was  more 
than  that  of  the  ties. 

Experiment  No.  2,  that  at  Fort  Ontario,  has  been  fully  described  in 
the  paper  of  Mr.  W.  P.  Judson,  published  with  our  preliminary  report. 
After  thoroughly  investigating  the  results,  Mr.  Judson  came  to  the  fol- 
lowing conclusions  : 

"An  examination  of  this  work  indicates  that  Kyanized  hemlock  (and 
probably  Canada  white  pine  also),  if  set  up  so  that  there  should  be  a  free 
circulation  of  air  about  it,  away  from  contact  with  moist  earth,  and  with 
its  bases  and  joints  so  formed  that  water  would  not  lodge  in  them,  would 
be  80  per  cent,  sound  after  40  years.  The  use  of  the  process  is  not 
recommended  for  a  work  which  will  be  liable  to  continuous  moisture." 

Mr.  Judson,  therefore,  does  not  believe  that  Kyanizing  would  be 
satisfactory  for  railroad  ties,  in  view  of  the  moist  nature  of  their  exposure, 
and  his  view  is  confirmed  by  the  results  of  the  experiments  on  the 
Baltimore  and  Ohio  Railroad  (No.  6)  in  1842,  on  the  Old  Colony  Rail- 
road (No.  7)  in  1845,  and  on  the  Providence  and  Worcester  (No.  9)  in 
1847,  which  were  all  abandoned  as  unprofitable. 
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Concerning  experiment  No.  15,  on  the  Boston  and  Providence  Rail- 
road, in  1856,  Mr.  G.  F.  Folsom,  Superintendent  of  Construction,  writes: 
"The  ties  were  green  and  half  seasoned  pine  and  spruce.  After  a  few 
years'  service  the  hearts  of  the  ties  were  found  decayed,  while  £  to  £ 
an  inch  of  the  surface  was  as  sound  as  when  laid  under  the  track." 

Concerning  experiment  No.  11,  on  the  New  York  Central  Railroad, 
Mr.  J.  F.  Wilkinson,  of  Syracuse,  N.  Y.,  says  :  "In  1849  a  quantity  of 
hewed  hemlock  cross-ties  were  charged  with  the  solution  of  corrosive 
sublimate,  I  think  by  immersion  in  vats  prepared  for  this  purpose.  In 
some  alterations  that  were  made  in  the  track  of  the  road  a  large  quantity 
of  these  ties  were  taken  up  after  4  years'  use  in  the  main  track,  and 
about  2  000  of  them  were  laid  in  the  branch  tracks  at  Oriskany  Station. 
In  1859  I  examined  the  ties  in  these  branches,  and  found  that  there  was 
comparatively  little  decay  among  them.  I  do  not  remember  how  long  it 
took  to  prepare  these  cross- ties.  I  think  that  at  the  time  it  was  estimated 
to  cost  about  10  cents  each.  There  were  certainly  several  years  added  to 
the  duration  of  the  cross-tie." 

Mr.  J.  B.  Francis,  Past  President  of  this  Society,  gives  Kyanizing 
preference  over  other  processes  ;  he  has  been  working  it  with  success 
since  1848  (experiment  No.  10),  and  has  furnished  the  committee  the  in- 
teresting account  published  in  Appendix  No.  2. 

He  informs  us  that  he  chiefly  uses  the  timber  Kyanized  at  Lowell  for 
bridges  over  the  canal,  and  that  although  he  has  repeatedly  prepared 
experimental  ties  for  the  neighboring  railroads,  none  of  them,  save  the 
Eastern  Railway  of  Massachusetts,  have  adopted  the  process. 

For  bridges,  or  for  timber  exposed  to  weather  alone,  and  not  to  con- 
stant moisture,  there  seems  to  be  no  question  as  to  the  beneficial  effects 
of  Kyaniziug.  This  is  markedly  shown  by  the  record  of  experiment  No. 
4,  on  the  Alexandria  aqueduct,  at  Georgetown,  D.  C,  where  9  spans  of 
Burr  truss  bridge  stood  from  1840  to  1862,  and  failed  even  then,  not 
from  decay,  but  from  defects  in  construction . 

It  is  also  shown  by  the  record  of  experiment  No.  14,  at  the  Blackstone 
River  bridge,  on  the  New  York  and  New  England  Railroad,  which  con- 
sisted of  a  Pratt  truss,  built  and  Kyanized  in  1848,  and  which,  although 
much  overstrained  by  the  increased  weight  of  rolling  stock,  was  found, 
when  taken  down  in  1876,  after  28  years  of  exposure,  almost  entirely 
undecayed.  Even  the  foot  of  the  posts,  which  rested  upon  oak  blocks, 
were  perfectly  sound. 

A  like  success  attended  the  Kyanizing,  on  the  Philadelphia  and 
Reading  Railrcad,  of  two  bridges  in  1850  (experiment  No.  12),  the  timber 
of  which  remained  sound  for  at  least  twenty  years. 

Where,  however,  timber  is  exj)Osed  to  moisture,  Kyanizing  is  of  doubt- 
ful utility.  On  the  Fitchburg  Railroad  in  1853  (experiment  No.  13),  the 
floor  timbers  for  an  engine  house  at  Charlestown  were  Kyanized,  "be- 
cause the  location  was  very  damp."     They  were  found,  however,  a  few 
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years  afterward,  as  much  decayed  as  if  they  had  not  been  so  pre- 
pared. 

This  experience  is  confirmed  by  the  appearance  of  a  number  of 
Kyanized  spruce  planks,  laid  in  gate  boxes  on  the  Lowell  water  works, 
and  kindly  taken  up  to  send  to  the  committee  by  Mr.  Geo.  E.  Evans, 
City  Engineer.  Where  these  planks  were  in  dry  places,  they  are  quite 
sound  after  twelve  years'  exposure,  and  the  life  of  the  wood  has  been  at 
least  doubled.  Where  they  were  in  wet  places,  they  are  decayed,  and 
the  amount  of  decay  seems  to  be  in  proportion  to  the  dampness  of  the 
situation. 

From  the  foregoing,  it  seems  pretty  evident,  that  for  bridges,  trestles, 
fences  and  similar  exposures,  Kyanizing  is  a  good  process  to  use,  and 
may  safely  be  relied  upon  to  preserve  the  wood  twenty  to  thirty  years, 
but  that  for  cross-ties,  pavements  and  work  exposed  to  constant  moist- 
ure, success  is  more  doubtful,  probably  in  consequence  of  the  wash- 
ing out  of  the  corrosive  sublimate. 

There  are  now  two  establishments  for  Kyanizing  in  the  United  States. 
That  at  Lowell  has  been  referred  to  in  the  letter  of  Mr.  J.  B.  Francis. 
It  consists  of  two  pits,  or  tanks,  built  of  masonry,  and  lined  with  wood, 
each  49  feet  long,  7  feet  4  inches  wide  and  4  feet  deep,  capable  of  hold- 
ing 10  000  feet,  b.  m.,  of  timber.  The  sticks  are  handled  in  and  out  by 
cranes,  which  also  serve  to  swing  large  stones  that  are  placed  on  the 
wood  to  prevent  it  from  floating  up.  It  is  allowed  to  steep  one  day  for 
each  inch  in  thickness  of  its  least  dimension,  and  one  or  two  days  in 
addition.  The  solution  used  contains  1  per  cent,  by  weight  of  corrosive 
sublimate,  and  from  4  to  5  pounds  of  this  are  absorbed  per  1  000  feet, 
b.  m.  At  a  cost  of  53  cents  a  pound,  this  comes  to  $2.12  to  $2.65  per 
M.,  b.  m.,  for  chemicals,  and  as  the  labor  costs  about  as  much  more,  the 
total  cost  may  be  said  to  be  $5.00  to  $6.00  per  1  000  feet,  b.  m.,  exclusive 
of  interest  on  plant  and  on  timber  in  process  of  preservation.  Some 
work  is  done  for  outside  parties,  for  which  $7  per  1  000  is  charged,  this 
being  supposed  to  cover  a  small  profit,  enough  to  pay  interest  on  the 
plant. 

The  other  establishment  is  on  the  Eastern  Railroad,  at  Portsmouth, 
N.  H.,  and  an  account  of  this,  together  with  a  description  of  exjieri- 
ments  Nos.  8  and  16,  will  be  found  in  the  letter  of  Mr.  H.  Bissell, 
Engineer  of  Maintenance  of  Way,  in  Appendix  No.  3. 

From  this  it  will  be  seen  that  the  Eastern  Railroad,  having  resorted 
to  Kyanizing  in  1846,  by  the  unusual  process  of  forcing  the  solution  into 
the  wood,  in  a  closed  cylinder,  subsequently  abandoned  it,  but  has  taken 
it  up  again  for  the  preparation  of  its  ties  by  the  steeping  process. 

Too  short  a  time  has  elapsed  since  1881  to  judge  of  the  results,  but 
the  data  gathered  by  your  committee  indicate  that  where  these  ties  are 
laid  in  dry  places  (on  stone  ballast  for  instance),  their  life  will  be  mate- 
rially increased.  Where  they  are  laid  in  wet  places,  it  is  doubtful 
whether  the  benefit  will  be  commensurate  with  the  cost. 
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BURNETTIZING. 

The  original  mode  of  application  employed  in  Buvnettizing  was  by 
steeping  the  timber  in  a  solution  of  chloride  of  zinc,  in  the  proportion 
of  1  pound  to  every  4  gallons  of  water.  This  was  found  exceedingly 
tedious,  and  somewhat  ineffective,  and  Sir  Joseph  Burnett  subsequently 
adopted  Bethell's  process  (as  applied  to  creosote),  of  placing  the  timber 
in  a  closed  iron  cylinder,  forming  a  partial  vacuum,  to  extract  the  sap,  air 
and  water,  as  far  as  practicable,  and  then  forcing  in  the  preserving  liquid 
under  pressure.  This  process  has  since  been  improved  by  using  steam 
in  the  preparatory  stage  in  the  cylinder,  in  order  the  better  to  open  the 
pores  of  the  wood  to  receive  the  antiseptic,  as  well  as  by  several 
devices  which  will  hereafter  be  described,  to  prevent  the  chloride  of  zinc, 
which  is  a  very  deliquescent  salt,  from  washing  out  when  exposed  to 
moisture. 

It  is  probable  that  some  of  the  failures  which  will  be  described  are 
attributable  to  the  early  imperfections  in  Bethell's  mode  of  application. 

On  page  258  is  a  table  of  the  experiments  of  which  the  Committee 
has  been  able  to  obtain  record. 

Comments   on   Burnettizing. 

Burnettizing  seems  to  have  been  first  introduced  in  this  country  at 
Lowell,  Mass.,  in  1850,  as  stated  in  the  letter  of  Mr.  Francis  (Appendix 
No.  2).  It  was  there  worked  by  the  Bethel!  process  till  about  1862,  when 
it  was  abandoned  to  return  to  Kyaniziug,  the  latter  being  thought  more 
effective  for  bridge  and  building  timber. 

In  1855  the  Union  (horse)  Railroad  of  Cambridge,  Mass  ,  was  laid 
with  spruce  stringers  and  sleepers,  Burnettized  at  Bangor,  Me.  The 
stringers  are  now  (1883)  all  worn  out,  but  Mr.  K.  C.  Chaffee,  the 
President,  writes  that  "  many,  and  I  think  the  majority,  of  the  sleepers 
are  in  good  condition  to-day,"  that  is  to  say,  after  28  years'  exposure. 

The  experiment  seems  to  have  been  given  up  because  subsequent  lots 
prepared  by  contract  turned  out  badly.     Mr.  Chaffee  writes: 

"  I  became  satisfied  that  it  could  not  be  got  well  done  (by  the  con- 
tractors). It  is  of  no  benefit  unless  done  while  the  timber  is  perfectly 
green,  and  then  well  done." 

Indeed  it  may  be  said  once  for  all  that  success  in  timber  preserva- 
tion, by  whatever  method,  depends  upon  the  thoroughness  with  which 
the  work  is  done,  and  that  no  economy  is  so  false  as  that  which  seeks  to 
scrimp  the  legitimate  cost. 

In  1856  (experiment  No.  3)  the  Vermont  Central  R.  R.  erected  Bur- 
nettizing works,  and  prepared  large  quantities  of  timber  and  ties.  Some 
of  the  latter  were  found  to  be  nearly  sound  in  1880,  as  stated  in  the 
letter  of  Mr.  J.  W.  Hobart,  General  Superintendent,  given  herewith  in 
Appendix  No.  4. 
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The  process  seems  to  have  been  given  up  after  four  years'  use,  in 
consequence  of  the  delays  and  annoyances  involved  in  treating  such 
large  quantities  of  timber  as  are  used  on  a  railroad,  only  to  find  out  after 
a  lapse  of  25  years  what  a  great  success  it  had  been. 

Experiments  Nos.  4,  5  and  6  show  that  some  spruce  plank  and  track 
stringers,  Burnettized  in  1857,  and  laid  on  a  wharf  in  Boston,  and  on 
some  horse  railroad,  were  yet  sound  when  examined  in  1872,  or  some  15 
years  afterward.  We  have  not  been  able  to  trace  their  subsequent 
history. 

In  I860  (experiment  No.  8)  the  Chicago,  Rock  Island  and  Pacific  R. 
R.  built  a  Howe  truss  bridge  of  8  spans  of  150  feet  each,  which  was  still 
in  use  and  in  fair  condition  in  1882,  as  stated  in  the  letter  of  Mr.  Hugh 
Riddle,  its  President,  published  in  our  Preliminary  Report. 

In  1860  some  Burnettized  spruce  ties  were  placed  in  the  floor  of  an 
iron  bridge  built  by  the  Boston  and  Albany  R.  R.,  in  the  City  of  Boston. 
They  lasted  9  years,  and  were  replaced  by  untreated  white  pine,  which 
only  lasted  5  or  6  years,  when  chestnut  ties,  unprejDared,  were  substi- 
tuted, which  have  lasted  seven  years,  and  were  replaced  last  season  by  a 
second  set  of  chestnut  ties,  also  unprepared. 

A  full  account  of  this  experiment  (No.  7)  will  be  found  in  the  letter 
or  Mr.  E.  S.  Philbrick,  published  herewith  as  Appendix  No.  5. 

It  will  be  noticed  therefrom  that  the  Burnettizing  doubled  the  life  of 
the  spruce,  which  would  otherwise  have  lasted  but  4  or  5  years,  and  that 
the  ties  finally  failed  by  checking  and  splitting,  so  as  no  longer  to  hold 
the  spikes.  Exposure  as  bridge  ties  seems  particularly  liable  to  bring 
about  this  result,  and  Mr.  Philbrick's  experience  leads  him  to  believe 
that  Burnettizing  is  of  more  avail  where  timber  is  covered  with  earth 
than  when  fully  exposed  to  sun  and  air.  This  opinion  is  confirmed  by 
the  statement  of  Mr.  Hobart  (Appendix  No.  4),  who  found  Burnettized 
ties  nearly  sound  after  having  laid  some  25  years  in  an  old  side  track, 
nearly  covered  with  earth  and  grass,  and  this  probably  results  from  the 
less  ojjportunity  for  the  washing  out  of  the  chloride  of  zinc  from  the 
timber  by  the  action  of  rains. 

In  1861  (Experiment  No.  9)  the  Erie  Railway  built  a  set  of  Burnett- 
izing works  at  its  bridge  shop  at  Owego,  New  York.  These  works 
chiefly  consisted  of  an  iron  cylinder  70  feet  long  and  6  feet  in  diameter, 
with  a  heavy  iron  door  at  each  end,  and  a  track  running  through  it, 
on  which  the  material  was  run  in  on  small  trucks,  moved  by  a  hand- 
power  windlass.  The  capacity  was  13  000  feet,  b.  m.,  and  the  Bethell 
process  was  used. 

When  the  cylinder  was  filled  and  the  rubber-packed  doors  closed,  a 
powerful  air-pump  was  applied,  and  as  perfect  a  vacuum  formed  as  pos- 
sible, and  maintained  one  hour,  to  withdraw  the  sap  and  air  from  the 
timber.  A  stop-cock  was  then  opened  in  the  pipe  connecting  the  cylin- 
der with   the   tank  containing  diluted  chloride  of  zinc,  and  the  liquor 
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admitted.  When  the  cylinder  was  filled,  the  stop-cock  was  closed,  and 
a  powerful  force-pump  set  at  work,  which  forced  the  solution  into  the 
cylinder  under  a  pressure  of  120  to  150  pounds  per  square  inch.  This 
pressure  was  maintained  about  four  hours,  and  left  sometimes  in  over 
night,  when  the  timber  was  taken  out. 

The  strength  of  the  solution  was  about  2  or  3  per  cent.,  and  with 
labor  at  $1.50  per  day,  the  cost  of  the  treatment  is  said  to  have  been 
from  $1.50  to  $2.50  per  1  000  feet,  b.  m. 

The  treatment  was  applied  almost  entirely  to  bridge  timber  and 
plank  for  platforms,  crossings,  etc.  Very  few  cross-ties  were  prepared, 
and  only  as  an  experiment. 

The  results  were  not  entirely  satisfactory,  and  when  the  works  burned 
down  in  1869  they  were  not  rebuilt.  Two-inch  plank  seemed  to  be  well 
preserved,  but  large  timber,  taken  out  of  bridges  8  or  9  years  after 
treatment,  showed  a  hard  crust  from  |  to  1  inch  thick  all  round,  but 
was  rotten  at  the  center,  thus  tending  to  deceive  the  bridge  inspectors 
as  to  the  soundness  of  bridges  which  might  really  be  insecure. 

Some  pains  have  been  taken  to  ascertain  the  causes  of  this  want  of 
success.     They  seem  to  have  been  as  follows  : 

1.  Original  imperfections  in  the  "Bethell"  process.  The  partial 
vacuum  did  not  properly  clear  the  timber  of  sap.  This  has  since  been 
improved  upon  by  previously  steaming  the  timber,  to  liquefy  and  vapor- 
ize the  sap,  before  the  vacuum  is  applied. 

2.  It  was  probably  a  mistake  to  select  bridge  timber  for  this  experi- 
ment; imperfectly  as  the  work  was  done,  it  would  have  proved  a  far 
greater  success  if  it  had  been  applied  to  cross-ties. 

3.  Operating  upon  unseasoned  timber.  As  practiced  in  Europe, 
Burnettizing  is  exclusively  applied  to  seasoned  timber.  This  being  gen- 
erally imported  from  a  distance,  has  a  chance  to  dry  in  transit;  or  if  cut 
in  the  vicinity  of  the  works,  it  is  piled  up  for  several  months  before  treat- 
ment, or  is  thoroughly  steamed,  so  that  the  water  may  evaporate  and 
make  room  for  the  solution.  Moreover,  it  is  also  well  dried  before 
using,  to  prevent  the  zinc  from  washing  out.  As  a  confirmation  of  this 
view,  it  may  be  mentioned  that  while  the  bridge  timber  did  not  last 
well,  several  sets  of  switch  ties  which  had  been  cut  about  8  months, 
and  seasoned,  were  Burnettized  at  Owego,  for  the  road  department  of 
the  Erie  Railway,  and  laid  in  its  tracks,  with  the  result  that  nine  years 
afterward  they  did  not  show  a  particle  of  decay.  These  ties  have  been 
lost  sight  of  since,  but  your  committee  has  in  its  possession  an  oak  tie,  one 
of  a  lot  of  two  car  loads,  seasoned  and  Burnettized  at  Owego,  which 
lay  in  the  track  at  Susquehanna  station  for  17  years,  and  is  almost  per- 
fectly sound  to-day. 

4.  Insufficient  pressure.  It  has  been  suggested  that  the  pressure 
ought  to  have  been  some  200  pounds  per  square  inch,  and  continued  8 
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hours  instead  of  4.  This  might  have  produced  somewhat  better  results, 
but  it  is  believed  that  the  last  cause,  which  remains  to  be  mentioned, 
more  fully  accounts  for  the  partial  want  of  success. 

5.  Undue  haste  in  the  treatment.  In  accordance  with  the  usual 
railroad  practice  of  never  ordering  materials  until  they  are  impera- 
tively required,  the  timber  was  not  procured  until  the  bridge  which  it 
was  intended  to  rebuild  was  about  ready  to  come  down.  Then  there 
was  great  haste ;  the  Burnettizing  works  were  hurried  up,  and  the 
timber  went  straight  from  the  stump  into  the  cylinder,  and  from  that 
into  the  bridge,  with  very  imperfect  treatment.  The  pressure  was 
applied  to  the  operatives,  instead  of  to  the  cylinder,  and  as  a  result  the 
timber  was  "  put  through,"  without  sufficient  preparation,  some  of  it 
hard  frozen  in  winter. 

Mr.  Jas.  D.  Bisho]3,  formerly  Superintendent  of  Bridges  of  the  Erie 
Railway,  who  had  charge  of  these  Burnettizing  works,  writes:  "All 
the  timber  used  in  renewals  of  bridges,  and  exposed  parts  of  buildings, 
platforms,  etc.,  upon  the  road,  which  was  a  very  large  amount,  was 
hurried  through  this  process,  and  for  the  want  of  time  was  done  quite 
imperfectly.  I  consider  the  process  of  Burnettizing  timber  a  success, 
in  preserving  the  same  to  at  least  50  per  cent,  beyond  its  natural  life, 
if  the  Burnettizing  is  well  done." 

Mr.  H.  D.  V.  Pratt,  formerly  General  Superintendent  of  the  Erie 
Railway,  writes  : 

"The  timber  used  in  bridges,  that  was  Burnettized  in  the  winter, 
was  full  of  frost,  and  Burnettizing  had  no  other  effect  than  to  confine 
the  sap,  and  make  the  timber  decay  much  sooner  than  it  otherwise 
would  have  done." 

Under  these  circumstances,  it  seems  to  be  no  wonder  that  the  results 
were  not  entirely  satisfactory,  but  all  this  amounts  to  saying  a  very 
simple  and  very  obvious  thing — that  we  cannot  hope  to  get  a  preserva- 
tive solution  into  the  timber  unless  we  first  contrive  to  make  a  place  for 
it,  and  that  in  order  to  be  successful,  the  work  must  be  done  skillfully 
and  thoroughly. 

For  this  there  must  be  no  undue  haste;  but  at  the  same  time  it  must 
be  acknowledged  that  the  delays  required  properly  to  season  and  to 
prepare  timber  and  ties  are  particularly  exasperating  to  railroad  men, 
and  many  of  the  works  and  experiments  which  have  heretofore  been 
abandoned  have  doubtless  been  given  up  because  of  the  delays  which 
they  brought  about  in  necessary  renewals  of  bridges  and  of  roadway. 

The  above  information  has  been  furnished  in  large  part  by  Mr.  W. 
B.  Coffin,  Superintendent  of  the  western  division  of  the  Erie  Railway, 
and  it  should  be  stated  in  fairness  that  Mr.  J.  D.  Bishop  (who  had 
charge  of  the  works,  and  to  whom  this  statement  of  the  experiment  has 
been  submitted)  writes  that  we  "have  put  it  rather  too  strongly  as  to 
its  not  being  a  success." 
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Noav  that  the  Bethell  process  has  been  improved  by  a  preliminary 
steaming  to  season  the  timber,  there  seems  to  be  no  reason  to  doubt  that 
the  work  can  be  well  done  at  all  seasons. 

We  may  here  refer  to  experiment  No.  16,  on  the  Union  Pacific  R.  R. 
Burnettizing  works  were  erected  at  Omaha  by  that  company  in  1867-8, 
and  run  about  one  year  on  cotton  wood  ties.  The  cost  of  treatment  is 
stated  to  have  been  about  30  cents  a  tie. 

The  works  were  abandoned  as  impracticable,  as  not  one-tenth  of  the 
ties  used  could  be  put  through  the  machine.  Some  difficulty  was  also 
found  from  the  brittleness  of  the  prepared  ties,  probably,  as  will  be 
explained  hereafter,  from  the  use  of  too  strong  a  solution  in  order  to 
hasten  the  process. 

It  is  doubted  by  your  committee  whether  it  is  wise  to  attempt  to 
prepare  artificially  (by  any  process)  ties  for  a  road  in  process  of  rapid 
construction.  The  quantities  required  are  too  vast,  and  delays  are  too 
annoying.  It  is  clear  that  if  it  is  desired  to  lay  some  3  miles  of  track  a 
day,  requiring  about  8  000  ties,  works  consisting  of  one  or  two  cylinders, 
the  capacity  of  which  are  from  500  to  1  000  ties  a  day,  will  not  be  suffi- 
cient. The  remedy  is  to  provide  an  adequate  plant,  but  this  would  be 
costly. 

This  difficulty  disappears  for  roads  in  process  of  operation,  and  then 
it  becomes  quite  practicable  with  one  set  of  works  to  prepare  the  ties 
needed  for  renewals  within  a  certain  district. 

Experiment  No.  11,  on  the  Philadelphia,  Wilmington  and  Baltimore 
R.  R.,  and  experiment  No.  14,  on  the  Philadelphia  and  Reading  R.  R., 
are  instructive,  and  at  first  puzzled  your  committee  not  a  little.  These 
companies  set  up  their  own  works  and  Burnettized  their  own  ties  in 
order  to  have  the  work  well  done,  and  they  overdid  it. 

They  found  the  ties  would  last  against  decay,  but  that  they  broke  in 
the  track.  As  Mr.  I.  Hinckley,  the  President  of  the  P.,  W.  and  B.  R.  R. 
expresses  it,  "they  were  as  brittle  as  a  carrot,"  and  would  break  in  un- 
loading from  a  car.  As  Mr.  Lorenz,  the  Chief  Engineer  of  the  Philadel- 
phia and  Reading  R.  R.  puts  it,  "the  elasticity  and  strength  of  the 
wood  was  destroyed.  The  ties  became  too  solid  for  good  wear  of  the 
rails,"  and  many  of  them  were  removed  from  the  track  and  used  as  fence 
posts,  where  they  lasted  a  long  time. 

The  explanation  is  that  the  solution  was  too  strong,  and  the  surplus 
zinc  probably  crystallized  in  the  sap  ducts  of  the  timber,  burst  some  of 
them  asunder,  and  so  made  the  wood  brittle.  On  the  P.,  W.  and  B.  R. 
R.,  a  saturated  solution  was  used,  probably  5  or  6  per  cent,  strong,  and 
on  the  Philadelphia  and  Reading  R.  R.  the  solution  was  3j  per  cent, 
strong,  while  experience  in  Germany  has  thoroughly  established  the 
fact  that  for  railroad  ties  the  solution  should  not  be  over  2  per  cent, 
strong,  and  1.91  per  cent,  is  considered  the  standard. 

In  this  connection  we  refer  you  to  Appendix  No.  6,  which  consists  of 


THE    PRESERVATION    OF   TIMBER.  263 

an  account  of  German  experience  with  preserved  railroad  ties,  written 
by  Privy  Councillor  Funk,  of  the  Cologne  and  Minden  R.  R.,  and 
translated  for  the  "  Railroad  Gazette"  of  May  28,  1880.  It  will  be  found 
very  interesting  and  instructive,  and  we  may  here  quote  the  two  con- 
clusions which  seem  most  important  to  us. 

"  No.  2.  The  average  life  of  ties  properly  impregnated  with  creosote 
or  chloride  of  zinc,  under  a  powerful  pressure,  reaches: 

For  oak      ties 19.  5  years. 

"    fir  "(hemlock?) 14  to  16 

"    pine      "  8  "  10 

"    beech    "  15  "  18 

"  No.  7.  The  results  of  impregnation  with  chloride  of  zinc  and 
creosote  are  about  equal.  But  as  the  impregnation  with  creosote  costs 
about  three  times  as  much  as  with  chloride  of  zinc,  a  majority  of  the 
German  railroads  have  gone  over  to  the  latter." 

Experiment  No.  12,  on  the  Chicago,  Rock  Island  and  Pacific,  in 
1866,  confirms  the  German  experience.  About  75  per  cent,  of  Burnett- 
ized  hemlock  ties  were  still  in  the  track  in  1882,  after  16  years  of 
exposure,  as  stated  in  the  letter  of  Mr.  M.  Alexander,  roadmaster,  given 
as  appendix  No.  7. 

A  similar  result  was  obtained  in  experiment  No.  15,  on  the  Lehigh 
and  Susquehanna  R.  R. ,  where  Mr.  L.  L.  Buck,  whose  letter  is  given  in 
Appendix  No .  8,  found  that  maple,  beech  and  hemlock  ties  had  resisted 
decay  almost  perfectly  with  15  or  16  years'  exposure. 

Concerning  experiments  Nos.  10,  17,  18  and  19,  we  have  been  able  to 
obtain  but  little  information.  They  seem  to  have  been  failures,  but 
whether  due  to  bad  work  or  to  the  exposure  we  could  not  find  out. 

We  may  say,  however,  that  we  consider  Burnettizing  less  well 
adapted  to  bridge  work  than  to  the  preservation  of  ties.  This  is 
indicated  by  the  results  of  experiment  No.  13,  at  the  Havre  de  Grace 
bridge,  where  pine  timber  Burnettized  proved  brittle.  Mr.  Edward 
Larkin,  who  had  charge  of  this  bridge,  and  whose  letter  we  give  in 
Appendix  No.  9,  states  that  the  solution  was  l^o  percent,  strong.  We 
are  inclined  to  believe  that  it  must  frequently  have  been  exceeded  in 
working,  as  a  solution  of  this  strength  has  nowhere  else  (that  we  know 
of)  proved  injurious  to  the  strength  of  the  timber. 

It  has  been  found,  however,  both  in  this  country  and  in  Europe, 
that  when  zinc  solutions  are  employed,  weak  enough  not  to  injure  the 
strength  of  the  timber,  they  are  likely  to  wash  out  under  the  action  of 
rains  and  moisture,  and  to  leave  the  timber  unprotected.  This  is 
quite  well  shown  by  the  ties  on  the  Chicago,  Rock  Island  and  Pacific 
Railroad  (experiment  No.  8),  which  are  decayed  and  exfoliated  on  the 
outside. 

Burnettized  ties  decay  from  the  outside  toward  the  heart,  while 
creosoted  ties  are  more  likely  to  decay  from  the  heart  outward.     The 
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reason  is  the  same  in  both  cases,  decay  beginning  at  the  point  where 
there  remains  the  least  of  the  antiseptic  material.  The  heart-wood  being 
most  dense,  naturally  absorbs  the  least ;  but  in  the  case  of  Burnettizing, 
the  chloride  of  zinc  being  a  very  deliquescent  salt,  readily  washes 
out  and  allows  decay  to  set  in.  Creosote  or  dead  oil  does  not  work  out, 
and,  in  time,  decay  begins  in  the  heart-wood  which  has  received  the 
least  of  it. 

When  wooden  pavements  began  to  be  largely  used  in  "Washington, 
D.  C.  (experiment  No.  19,  which,  by  the  way,  seems  to  have  failed 
because  of  very  bad  work),  Mr.  W.  C.  Tilden,  A.  A.  Surgeon,  U.  S.  A., 
made  some  chemical  tests  on  the  various  processes  of  wood  preserving 
which  were  used  or  projDosed.  In  the  case  of  Burnettized  spruce 
(experiment  No.  20),  he  found  that  all  the  zinc  was  easily  removed  by 
acidulated  water,  and  this  defect  in  Burnettizing  seems  to  be  so  gen- 
erally understood  that  it  has  led  to  the  patenting  of  a  number  of 
devices  to  remedy  it. 

The  first  of  these  in  point  of  date  is  that  of  Mr.  W.  Thilmany,  who 
patented  the  use  of  a  double  solution,  the  first  being  that  of  sulphate 
of  zinc,  and  the  second,  subsequently  applied,  a  solution  of  chloride  of 
barium,  which,  it  is  claimed,  by  combination  with  the  first  solution, 
changes  it  into  an  insoluble  salt  of  sulphate  of  baryta.  Experiments 
Nos.  27,  28  and  29  pertain  to  this  process,  and  time  will  have  to  deter- 
mine whether  they  prove  successful.  Chemists  who  have  been  consulted 
by  your  committee  doubt  whether  it  is  possible  for  this  chemical 
reaction  to  take  place  on  the  inside  of  the  sap-ducts  of  the  wood,  many 
of  which  are  only  1-200  of  an  inch  in  diameter. 

The  next  patented  process  was  that  of  Mr.  Wellhouse,  who  also 
employs  a  double  solution,  the  first  being  chloride  of  zinc,  to  which  a 
little  glue  is  added,  and  the  second  a  solution  of  tannin,  which  it  is 
claimed  forms,  upon  coming  into  contact  with  the  glue,  small  pellicles 
or  films  of  insoluble  artificial  leather,  which  plug  up  the  mouths  of  the 
sap-ducts,  so  as  to  prevent  the  zinc  from  washing  out.  Experiments 
Nos.  21,  22,  23,  24,  25  and  26  pertain  to  this  process,  and  the  results 
seem  thus  far  to  be  favorable. 

The  last  patented  process  which  seems  to  call  for  mention  is  that  of 
Mr.  Hagen,  who  uses  but  one  solution  consisting  of  chloride  of  zinc  and 
gypsum.  It  is  claimed  that  the  gypsum  (sulphate  of  lime)  crystallizes 
and  hardens  inside  of  the  sap-ducts,  and  thus  forms  partitions  to  hold 
the  chloride  of  zinc  within  the  cells.  Experiment  No.  30  represents 
this  method,  and  the  process  is  now  on  its  trial. 

There  are  now  three  Burnettizing  works  in  this  country.  One  at 
Defiance,  O.,  operates  the  Thilmany  process.  An  account  of  the  latter 
is  given  in  Appendix  No.  10,  by  Mr.  O.  Thilmany,  the  proprietor. 

Works  at  St.  Louis  operate  the  Wellhouse  process,  of  which  an 
account   is  given   in  Appendix  No.   11,   by  Mr.  J.  P.   Card,  President, 
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■while  still  other  works  at  St.  Louis  are  operating  the  zinc-gypsum 
process,  of  which  an  account  is  given  in  Appendix  No.  12,  by  Mr. 
Theo.  Plate,  President. 

The  cost  of  Burnettizing,  when  well  done,  is  about  five  dollars  per 
1,000  feet,  b.  m.,  or  twenty  to  twenty-five  cents  a  tie.  It  is  particularly 
adapted  to  the  latter  purpose,  and  your  committee  recommend  it  as 
the  available  process  to  use  (in  view  of  the  cost)  for  the  preservation 
of  railroad  ties.  It  is  believed  to  be  less  well  adapted  to  bridge  or 
trestle  work,  but  for  wooden  pavements,  if  well  done,  it  will  probably 
prove  a  success. 

It  cannot  be  too  strongly  insisted  upon  that  the  work  must  be  well 
done.  The  sap  or  moisture  must  be  removed  from  the  wood  to  make 
sufficient  room  for  the  antiseptic,  and  a  sufficient  amount  of  the  latter 
must  be  put  in.  To  do  this  thoroughly,  of  course,  costs  more  than  to  do 
it  hurriedly  and  badly.  It  will  be  noticed  in  Appendix  No.  6  that  the 
cost  of  Burnettizing  has  ranged  from  5.8  to  19.2  cents  a  tie  in  Germany. 
It  has  been  done  for  15  cents  a  tie  in  this  country,  but  is  said  to  have 
cost  about  25  cents  a  tie  on  the  P. ,  W.  &  B.  K.  R. ,  and  some  35  cents  a 
tie  on  the  Philadelphia  and  Reading  Railroad,  where,  however,  there  was 
an  unusual  amount  of  handling. 

Ceeosoting. 

This  process  consists  in  injecting  the  timber  with  hot  creosote  oil  in 
a  closed  cylinder  under  pressure.  It  was  invented  and  brought  into  use 
in  1838  by  Mr.  John  Bethell,  of  England;  and  in  1853,  in  a  discussion 
of  a  paper  (by  Mr.  H.  P.  Burt)  before  the  British  Institution  of  Civil 
Engineers,  he  made  the  following  among  other  remarks: 

"Experiment  proved  that  oil  of  tar,  or  creosote,  was  perhaps  the 
most  powerful  coagulator  of  the  albumen  (of  wood),  while  it,  at  the 
same  time,  furnished  a  water-proof  covering  for  the  fiber,  and  its  anti- 
septic properties  prevented  putrefaction.  If,  then,  the  operation  of 
injection  was  well  performed,  there  was  every  reason  to  anticipate  the 
perfect  success  of  the  system.  He  found  that  by  forcing  at  least  7 
pounds  of  creosote  oil  into  each  cubic  foot  of  timber  the  process  was 
perfect  for  railway  work,  but  for  marine  work  it  was  better  not  to  have 
less  than  10  pounds  per  cubic  foot. 

"He  was  inclined  to  prefer  the  employment  of  porous  timber,  as  it 
absorbed  the  creosote  more  readily,  was  more  perfectly  saturated,  was 
cheaper  in  first  cost,  and,  when  properly  prepared,  would  last  longer 
than  heart  of  oak   or  any  other  very  solid  timber."     *    *    *    * 

"The  best  timber  for  use  was  young,  growing  wood,  thoroughly  dried; 
if  it  was  fresh  cut,  or  had  been  floated  so  as  to  saturate  the  pores  with 
water,  there  was  great  difficulty  in  creosoting  it."     *     *     *     *     * 

"He  had  experienced  so  much  difficulty  in  procuring  a  proper  qual- 
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ity  of  oil  of  tar  that  he  was  compelled  to  establish  manufactories  and 
to  distil  it  to  suit  his  own  purposes." 

The  best  known  engineers,  such  as  Messrs.  Brunei,  Hawkshaw,  Ken- 
dell  and  others,  also  gave,  on  that  occasion,  the  results  of  their  experi- 
ence, which  was  in  every  case  satisfactory  when  the  work  was  thoroughly 
done,  and  creosoting  has  now  become  the  standard  mode  of  timber 
prejjaration  in  England. 

There  is  no  question  about  its  efficacy  and  economy  when  well  done, 
as  evidenced  by  the  fact  that  out  of  12  of  the  leading  railways  of  Great 
Britain  to  whom  Mr.  Bogart,  Secretary  of  this  Society,  addressed  circu- 
lars of  inquiry  in  1878,  10  used  creosoted  sleepers,  and  some  of  them 
forwarded  with  their  answers  sleepers  taken  from  their  tracks,  which 
were  yet  sound  and  in  use  after  22  years  of  exposure. 

As  a  protection  against  marine  worms  (the  Teredo  Navalis  and  Lim- 
noria  Terebrans)  creosote  is  the  only  known  preservative,  and  if  there 
be  enough  of  it  injected  it  is  thoroughly  efficient.  All  other  substances 
which  have  been  tried  have  failed,  but  the  success  of  creosote  has  been 
established  by  abundant  evidence  all  the  world  over. 

The  English  have  found  10  or  12  pounds  to  the  cubic  foot  sufficient 
in  their  harbors.  The  Dutch  and  Belgian  engineers  use  about  the 
same.  But  the  French,  relying  upon  a  series  of  very  careful  experi- 
ments, extending  over  a  series  of  years,  made  by  Mr.  A.  Forestier,  con- 
sider that  about  19  pounds  to  the  cubic  foot  is  required  in  their  harbors 
in  order  to  be  quite  safe  against  the  teredo.  This  latter  quantity  has 
been  used  in  this  country  by  Mr.  J.  W.  Putnam  for  piles  exposed  along 
the  Gulf  of  Mexico,  and  it  seems  probable  that  the  higher  temperature 
of  the  sea  water,  and  consequent  greater  activity  of  the  teredo  in  the 
French  and  our  own  southern  harbors,  requires  a  more  thorough  impreg- 
nation with  creosote  than  in  northerly  waters  to  afford  immunity. 

The  conditions  under  which  creosoting  is  done  in  England  differ 
from  those  in  this  country  in  two  important  particulars: 

1.  The  English  operate  upon  seasoned  timber,  which,  as  it  is  chiefly 
brought  from  the  islands  of  the  Baltic,  from  Norway  and  from  Sweden, 
generally  reaches  them  some  5  or  6  months  after  it  is  cut,  and  frequently 
remains  stacked  up  some  months  more  after  arrival  before  it  is  creosoted. 
All  the  English  engineers  specify  that  "the  timber  shall  be  thoroughly 
dry  before  being  creosoted,"  while  in  this  country  we  have  almost 
invariably  operated  upon  freshly  cut  timber,  full  of  moisture  and  sap. 

This  has  led  to  steaming  the  timber  previous  to  its  injection  with 
creosote  (as  well  as  with  the  metallic  salts),  in  order  to  vaporize  the 
moisture  and  make  room  for  the  solution.  There  are  several  methods 
of  effecting  this  steaming,  covered  by  a  number  of  patents  more  or  less 
meritorious,  but  the  committee  has  included  them  under  the  general 
head  of  steaming  in  describing  some  American  experiments. 

It  is  understood  that  steaming  is  now  also  used  abroad,  particularly 
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iii  Germany,  even  when  seasoned  timber  is  injected,  it  being  considered 
a  valuable  improvement  upon  the  original  process  of  Mr.  Bethell. 

2.  Creosote  is  cheap  and  abundant  in  England,  while  it  is  compara- 
tively scarce  and  dear  in  this  country.  This,  together  with  the  higher 
price  of  labor  and  the  longer  time  required  to  operate  upon  freshly  cut 
timber,  has  made  creosoting  so  much  more  expensive  here  than  in 
England  that  in  a  majority  of  cases  calculation  showed  that  it  was 
cheaper  to  let  the  timber  rot  and  to  replace  it  than  to  go  to  the  expense 
of  preparing  it  against  decay. 

This  condition  of  affairs  brought  about  a  considerable  number  of  in- 
ventions and  experiments  to  circumvent  the  foreign  experience  and  to 
make  a  little  creosote  perform  as  much  as  a  great  deal.  None  of  these 
can  be  said  to  have  been  successful,  and  it  is  one  of  the  anomalies  which 
at  first  much  puzzled  your  committee  that  the  record  of  creosoting 
experience  in  this  country  should  chiefly  consist  of  failures,  while  the 
process  is  a  thorough  success  in  England. 

Investigation  showed,  however,  that  most  of  these  experiments  were 
not  true  creosoting,  as  understood  abroad,  and,  inasmuch  as  failures  are 
far  more  instructive  than  successes,  they  are  here  given,  under  the  gen- 
eral head  of  "  Creosoting,"  while  our  comments  will  show  wherein  they 
differ  from  true  creosoting. 

Comments  on  Creosoting  Experiments. 

The  first  experiment  upon  the  list,  that  on  the  Philadelphia  and 
Reading  Railroad  in  1854,  was  not  made  with  creosote  at  all,  but  with 
the  coal  tar  from  which  it  is  extracted.  "  Some  70  000  ties  were  pre- 
pared by  first  placing  them  in  a  large  drying  chamber  for  76  hours,  at  a 
temperature  of  120  degrees,  then  placing  them  for  2  hours  in  a  bath  of 
coal  tar,  at  a  temperature  of  150  degrees."  Subsequently  this  was 
changed  to  the  dipping  of  2  feet  at  each  end  of  the  tie  into  the  tar,  so  as 
to  give  the  center  a  chance  to  part  with  any  remaining  moisture. 

The  cost  was  8  cents  a  tie,  but  it  was  discontinued,  because  it  was  not 
found  to  prolong  their  life. 

The  Committee  has  heard,  in  a  somewhat  vague  way,  of  a  good  many 
other  experiments  with  coal  tar.  None  of  them  proved  successful,  ex- 
cept where  seasoned  fence  posts  or  paving  blocks  had  their  lower  ends 
dipped.  This  kept  out  the  ground  moisture,  while  the  wood  could  still 
dry  out  through  the  top.  Whenever  the  whole  stick  was  covered  with 
coal  tar,  and  the  sap  and  moisture  confined,  the  result  was  fermentation 
and  failure,  especially  in  those  cases  when  the  ammonia  was  not  previ- 
ously removed  from  the  tar  by  boiling. 

The  second  experiment  (in  1865)  was  true  creosoting.  It  was  con- 
ducted under  the  instructions  of  Isaac  Hinckley,  Esq.,  then  of 
Massachusetts,  in  the  preparation  of  about  700  piles  for  the  construction 
of  a  bridge  over  the  Taunton  River,  on  the  Old  Colonv  Railroad.     Creo- 
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soting  works  were  erected  for  the  purpose  of  treating  these  piles,  and 
these  works  are  still  in  use  at  Somerset,  Mass.  In  1878  the  Chief  Engineer 
of  the  Old  Colony  Railroad,  the  late  E.  N.  Winslow,  wrote  as  follows 
about  these  piles  : 

"  We  have  removed  about  200  of  the  700.  *  *  *  The  work  was  gen- 
erally done  with  a  rush  and  in  a  careless  manner;  many  of  the  piles  were 
fitted,  knots  trimmed  up,  etc.,  after  they  were  creosoted.  I  find  they 
are  eaten  in  patches  and  spots,  commencing  apparently  where  the  trim- 
ming was  done.  Upon  examination  I  find  the  outer  portion  of  the  piles 
from  i  to  ?  inch  in  thickness,  filled  with  creosote,  to-day  as  limpid  and 
odorous  as  when  applied.  Hence,  I  infer  the  attack  has  been  made  in 
almost  every  instance  where  the  trimming  or  fitting  was  done." 

The  experiment  was  considered  a  success,  and  has  been  continued, 
but  all  trimming  of  timber  after  treatment,  destined  to  be  exposed  to  sea 
water,  is  now  recognized,  both  here  and  abroad,  as  fatal  to  success, 
inasmuch  as  the  teredo  will  attack  any  point  unprotected  by  sufficient 
creosote,  and  will  speedily  make  his  way  to  the  heart  wood,  which,  in 
consequence  of  its  density,  can  absorb  but  a  small  portion  of  this 
preservative. 

The  third  experiment  was  simply  an  instance  ;'  how  not  to  do  it." 
Instead  of  being  properly  creosoted,  the  planks  for  the  Callowhill  bridge 
floor,  in  Philadelphia,  were  simply  dipped  into  hot  creosote,  absorbed 
but  a  small  portion  of  it,  and  decayed  quite  as  fast  as  if  they  had  not 
been  treated  at  all. 

Even  the  framing  of  creosoted  timber  which  is  to  be  exposed  to  sun, 
air  and  rain,  is  considered  undesirable,  as  the  cutting  away  of  the  satu- 
rated part  admits  the  germs  of  decay  to  the  less  impregnated  parts. 

Experiments  4,  5  and  6  pertain  to  the  Seely  process,  which  was 
hailed  at  first  as  a  great  improvement  over  the  methods  pursued  in  the 
"effete  countries  of  Europe." 

The  process  consisted  in  immersing  the  wood  in  a  closed  iron  tank  of 
the  oil,  and  raising  the  temperature  to  between  212  and  300 D  F.  This  was 
supposed  to  drive  all  the  moisture  out  of  the  wood,  when  the  hot  oil  was 
suddenly  replaced  by  a  bath  of  cold  oil,  which,  condensing  the  steam 
remaining  in  the  sap  cells,  was  supposed  to  rush  in  and  saturate  the 
timber  thoroughly. 

It  was  believed  to  be  well  adapted  to  operating  upon  green,  wet  or 
unseasoned  timber,  and  as  the  wood  generally  absorbed  but  2  to  4  pounds 
of  creosote  to  the  cubic  foot,  it  could  be  treated  at  about  European 
prices.  The  process  was  vigorously  pushed  for  a  time,  and  introduced 
in  all  parts  of  the  country.  It  failed  on  the  Chicago,  Burlington  and 
Quincy  Railroad  (No.  4),  on  the  Chicago,  Rock  Island  and  Pacific 
(No.  5),  and  on  the  Government  works  at  the  St.  Clair  Flats  (No.  6). 

It  was  possible,  however,  with  sufficient  time  and  expense,  to  obtain 
with  this    process  better  results  than  the  above.     A  specimen  paving 
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block  (experiment  No.  9),  submitted  to  the  Government  chemist,  Mr.  W. 
C.  Tilclen,  in  1872,  presented  a  satisfactory  appearance  of  saturation, 
and  paving  blocks  in  Pittsburg  (experiment  No.  10),  as  well  as  in  Cleve- 
land (experiment  No.  13),  having  been  saturated  with  about  4  pounds 
of  creosote  to  the  cubic  foot,  have  lasted  about  10  years,  or  some  4  or  5 
years  longer  than  they  would  have  lasted  in  their  natural  state. 

There  were  those,  however,  who  believed  that  the  Seely  process  used 
too  much  creosote,  and  who  reasoned  that  if  dead  oil  were  applied  to  the 
timber  in  the  shape  of  vapor,  it  would  be  much  more  penetrating,  and  a 
much  smaller  quantity  would  answer. 

A  number  of  devices  were  accordingly  patented  for  smoking  wood 
with  the  vapors  of  coal  tar  and  of  creosote.  Of  these,  the  process 
which  became  the  best  known  was  that  of  Mr.  L.  S.  Robbins,  which 
■was  first  introduced  in  1867. 

It  was  most  extensively  advertised.  Local  companies  were  formed  in 
New  York,  New  Jersey,  Pennsylvania,  Massachusetts,  New  Hampshire, 
Connecticut  and  California,  with  millions  of  capital.  A  convention  of 
delegates  from  each  of  these  companies  was  held  at  the  Astor  House,  in 
New  York,  in  1869,  at  which  Mr.  Robbins  was  spoken  of  as  a  "great 
public  benefactor,"  whose  "  American  genius  has  made  an  invention 
which  may  be  classed  among  the  greatest  achievements  in  the  useful 
arts,  whose  process  accomplishes  by  the  subtle  agency  of  vapor,  in  a 
perfect  manner,  what  the  Bethell  process,  by  the  gross  material,  imper- 
fectly did.  The  Bethell  process,  however,  established  the  efficacy  of 
coal  tar  treatment  to  preserve  wood  from  decay,  but  how  much  more 
certainly  will  decay  be  prevented  by  the  Robbins  process  ?  " 

The  first  record  we  have  of  the  results  is  that  of  experiment  No .  7, 
in  the  Government  harbor  works,  at  Wilmington,  Cal.,  in  1871.  Over  a 
million  feet  of  timber  was  treated  by  the  Robbins  process,  being  im- 
pregnated with  about  lj  pounds  of  oil  to  the  cubic  foot,  at  a  cost  of  $10 
coin  per  1  000  feet,  b.  m.  The  engineer  in  charge,  Mr.  C.  B.  Sears, 
says  : 

"  It  utterly  failed  to  protect  the  timber  from  the  worms,  which  were 
not  more  than  two  months  longer  in  attacking  it  than  in  attacking  the 
untreated  timber,  and  when  once  in,  their  action  seemed  to  be  more  rapid 
and  destructive  than  in  the  latter;  in  fact  they  relished  it  rather  more." 

But  if  the  Robbins  process  was  held  in  contempt  by  the  teredo 
navalis,  it  was  claimed  that  it  was  efficacious  in  preserving  against  decay 
"  wooden  pavements,  railroad  ties,  telegraph  poles,  freight  cars  and 
coffins."  It  was  examined  for  the  first  of  these  purposes  (experiment 
No.  8),  by  Mr.  Tilden,  who  reported: 

"  Absorption  power  very  high.  Percentage  of  hydro-carbons  very 
low  in  all  portions  of  block,  except  the  outer.  No  solid  hydro-carbons 
observed,  even  on  surface  (naphtalin,  etc).  Condition  of  wood  shows 
injury  from  heat.  Specimens  are  evidently  suited  for  exposure  to  dry 
air  only,  under  which  circumstances  the  protection  is  sufficient." 
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To  make  a  long  story  short,  the  process  entirely  failed  to  perform 
what  was  claimed  for  it;  some  portion  of  the  works  which  were  in  New 
Jersey  blew  up,  and  the  enterprise  also  exploded.  Somewhat  similar 
was  the  process  of  Constant  and  Smith  (experiment  No.  11),  which  pro- 
vided an  iron  chamber  in  which  the  wood  was  placed  and  exposed  to  the 
smoky  vapors  of  coal  tar,  generated  in  a  separate  retort.  It  did  no  good 
in  preserving  timber. 

The  same  may  be  said  of  the  Detwiler  and  Van  Gilder  process  (ex- 
periment No.  12),  of  impregnating  wood  by  resin  dissolved  in  naphtha 
under  pressure  and  at  a  high  temperature. 

In  1871,  Mr.  N.  H.  Thomas,  of  New  Orleans,  brought  forward  a  pro- 
posal for  preserving  wood  by  immersing  it  in  rosin  oil.  The  process  was 
thus  described  by  the  consulting  chemist: 

"The  albuminous  matters  of  the  wood  are  coagulated,  and  the  sap 
converted  into  steam  by  heat,  and  the  wood  thus  treated  is  plunged  into 
boiling  rosin  oil.  The  rosin  oil  permeates  the  pores  of  the  wood,  and  not 
only  prevents  the  introduction  of  moisture  and  oxygen,  but  it  also,  in 
virtue  of  it  own  indestructible  and  antiseptic  properties  (similar  in  most 
cases  to  those  possessed  by  the  materials  used  by  the  Egyptians  in 
embalming  dead  bodies,  and  which  has  resisted  decomposition  for  ages), 
preserves  the  wood  from  decay,  and  the  destructive  action  of  plants  and 
animals." 

After  figuring  up  the  enormous  money  savings  which  would  result  to 
various  interests,  if  timber  can  be  made  to  last  by  his  process  "  25  or 
even  20  years,"  Mr.  Thomas  thus  summed  up  the  history  and  mystery 
of  wood  preservation:  "  Kyan  invented  a  process  of  preserving  wood  in 
1832;  Burnett,  in  1838;  Bethell,  in  1838;  Margary,  in  1837;  Boucherie, 
in  1839;  Payne,  in  1811.  Thomas  patented  his  invention  in  1871,  after 
many  years  of  experiments.  Chloride  of  mercury,  sulphate  of  copper, 
creosote,  chloride  of  zinc,  pyrolignite  of  iron,  sulphate  of  iron,  carbon- 
ate of  soda  are  the  materials  used  by  the  first-named  inventors.  Thomas 
uses  rosin  oil,  which  is  cheap  and  healthy." 

Works  were  erected  in  New  Orleans,  but  after  several  years  of  experi- 
ments, it  was  found  impracticable  to  impregnate  wood  with  enough  rosin 
oil  to  do  any  good,  the  difficulty  being  understood  to  be  that  it  could  not 
be  rendered  sufficiently  fluid  to  fill  the  sap  cells  so  as  to  prevent  the  in- 
trusion of  moisture.     The  enterprise  was  accordingly  given  up. 

A  somewhat  singular  proposal  was  that  of  the  "American  Wood 
Preserving  Company,"  of  the  city  of  New  York,  which  we  have  not  in- 
cluded in  our  list  of  experiments,  because  we  have  not  been  able  to  learn 
that  it  ever  tried  any  experiments. 

In  1868  it  issued  a  circular  beginning  as  follows: 

"  By  ancients,  we  have  to  say,  that  centuries  ago,  when  the  banks  of 
the  Nile  became  so  densely  populated,  and  the  forests  of  Northern 
Africa  disappeared  and  were  converted  to  the  uses  of  civilization,  it  be- 
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came  necessary  to  adopt  some  means  to  preserve  all  articles  that  were 
composed  of  wood  from  mold  or  decay.  Wood  became  valuable;  the 
demand  for  it  was  imperative.  How  long  it  required  to  bring  the  pro- 
cesses of  preservation  to  perfection,  it  is  now  impossible  to  find  out;  but 
that  the  Egyptians  had  a  process,  and  that  they  did  preserve  wood  and 
many  other  perishable  things  for  thousands  of  years,  there  is  no 
doubt." 

"In  the  New  York  Historical  Society  rooms,  corner  Second  avenue 
and  Eleventh  street,  which  contains  the  Egyptian  Museum,  can  be  seen 
wood  which  is  over  four  thousand  years  old;  also  linen,  toAvels,  robes, 
ropes,  canvas,  paper,  and  numerous  household  articles  and  implements, 
all  of  which  have  been  preserved  and  are  now  in  good  condition,  so  that, 
whatever  may  be  said  as  to  what  can  or  cannot  be  done  in  this  age,  we 
have  the  incontrovertible  fact  before  us  that  wood  has  been  preserved 
for  over  forty  centuries.'"  *****  "  To  rediscover  the  lost  arts 
of  the  ancients  has  for  years  occupied  the  attention  of  the  first  minds 
of  the  old  world;  but  it  seems  to  have  been  reserved  for  this  inventor  to 
discover  and  apply  practically  one  of  the  most  important."  *  *  *  * 
"  It  will  give  us  great  pleasure  to  have  you  call  at  our  office  at  your  con- 
venience, when  we  can  undoubtedly  satisfy  you  as  to  the  merits  of  this 
great  invention.  We  would  very  much  like  you  to  become  interested 
in  the  enterprise,  as  we  have  no  doubt  it  will  prove  a  great  success." 

No  explanation  whatever  was  given  in  this  circular  as  to  the  charac- 
ter of  the  process;  but  having  indicated  the  exact  museum  where  the 
Egyptian  remains  were  to  be  found,  and  hinted  that  the  inventor  had 
rediscovered  the  method  of  their  preservation,  the  public  was  invited  to 
subscribe  for  shares  in  a  company  with  a  "capital  stock  of  $1  000  000, 
divided  into  10  000  shares  of  $100  each,  of  which  1  000  shares  reserved 
for  a  working  capital." 

The  process  (which  is  believed  by  the  committee  to  have  been  some 
method  of  applying  rosin)  does  not  yet  seem  to  have  come  into  general 
use. 

Nothing  is  more  curious  than  the  way  in  which  all  the  inventors  of 
cheap  processes  for  preserving  wood  quote  the  ancieut  Egyptians. 
That  bodies,  coffins  and  cloths  should  have  been  preserved  for  three  or 
four  thousand  years  appeals  to  their  imagination;  and,  taking  no  account 
of  the  fact  that  the  Egyptian  mummies  were  kept  in  perfectly  dry  cav- 
erns, thoroughly  £>rotected  from  weather  and  moisture,  they  are  sure  to 
claim  that  their  particular  nostrum  had  something  to  do  with  it. 

They  claim  this  for  the  "  Seely  process"  of  employing  creosote;  for 
the  "  Robbins  method"  of  using  coal  tar;  for  the  "Thomas  applica- 
tion" of  resin;  for  the  "Foreman  process"  of  applying  arsenic,  etc., 
etc.  And  then  they  generally  go  to  work  figuring  up  the  profits,  much 
after  the  method  of  Col.  Sellers  of  multiplying  the  profit  on  a  bottle  of 
eye  water  by  the  number  of  sore  eyes  in  the  world. 
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While  on  this  subject  we  may  allude  to  a  New  York  inventor  who  did 
not  "spoil  the  Egyptians,"  but  tried  instead  an  entirely  original  experi- 
ment. Having  noticed  that  the  scows  which  he  used  in  his  business 
were  attacked  by  the  teredo,  he  smeared  their  bottoms  and  sides  with  hot 
coal  tar,  and  then  sprinkled  over  it  an  even  layer  of  Scotch  snuff.  Being 
a  hater  of  tobacco,  he  believed  this  would  be  about  the  most  disagree- 
able thing  he  could  do  to  the  teredo.  Unfortunately,  however,  for  the 
experiment,  the  coal  tar  rubbed  off  in  spots,  and  the  teredo  got  in. 

Experiment  No.  14  was  tried  in  New  Orleans  in  1872.  Cypress  pav- 
ing blocks  Avere  thoroughly  boiled  in  creosote,  or  dead  oil,  in  the  still 
of  Geo.  H.  Fletcher,  and  were  laid  in  the  yard  of  the  New  Oilcans  Gas 
Light  Company.  They  are  said  to  have  been  saturated  with  not  less 
than  20  pounds,  and  probably  with  25  to  30  pounds,  of  dead  oil  to  the 
cubic  foot,  and  are  now  (1885),  after  13  years'  exposure,  as  sound  and 
perfect  as  when  first  laid. 

Experiment  No.  15  was  only  a  temporary  expedient  to  protect  the 
sheathing  of  the  East  River  Bridge  caisson  from  the  teredo  while 
being  sunk.  Being  now  entirely  buried  beneath  the  mud,  it  is  safe 
from  attack.     Only  2  pounds  were  injected  per  cubic  foot. 

Experiment  No.  16  consisted  of  some  planks,  creosoted  by  the  Hay- 
ford  jirocess,  laid  in  1872  in  the  basement  floor  of  the  factory  of  the 
Blake  Manufacturing  Company.  These  were  yet  in  an  unusually  good 
state  of  preservation  in  1882,  although  having  been  in  contact  with 
the  flow  of  the  tide  since  they  were  put  down. 

Experiment  No.  18  was  tried  by  the  United  States  government  upon 
the  U.  S.  steamer  "  Vandalia."  This  vessel  was  built  in  1873,  of  timber 
creosoted  by  the  Hayford  process,  and  when  examined  in  1882  was  quite 
sound,  while  other  ships  built  at  the  same  time  of  untreated  timber  had 
received  and  still  required  extensive  repairs.  There  seems  to  be  no 
question  that  when  creosoting  is  well  done  it  is  effective . 

There  must  have  been  some  careless  work  in  experiment  No.  19,  in 
which  some  12"  by  14"  timbers  for  gun  platforms  were  treated  at 
Boston,  and  laid  in  1874  at  Fort  Jefferson,  Dry  Tortugas,  Fla.  They 
were  so  thoroughly  rotted  in  1878  that  a  cane  was  easily  thrust  through 
them. 

One  of  your  committee  has  heard  it  stated  that  the  timber  was  simply 
swabbed  over  with  an  oil  rag,  and  that  the  first  works  erected  in  Boston 
for  creosoting  would  not  stand  10  pounds  pressure  to  the  square  inch, 
so  that  no  effective  work  could  be  done. 

Experiment  No.  21  illustrates  how  necessary  it  is  to  know  all  the  facts 
before  forming  a  conclusion.  Having  been  advised  that  favorable 
results  had  been  accomplished  at  Rochester,  N.  Y.,  by  the  application  of 
crude  petroleum  to  farming  machinery  (experiment  No.  21),  the  com- 
mittee caused  inquiries  to  be  made  in  the  oil  regions  as  to  the  experience 
there. 
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Some  general  information  was  obtained  as  to  the  life  of  wooden  oil 
tanks,  duration  of  oil  derricks,  etc.,  etc.,  but  it  was  rather  indefinite. 

At  length  a  positive  statement  was  received  that  on  the  Oil  Creek 
Eailroad,  crude  petroleum  had  been  found  to  extend  the  life  of  hemlock 
ties  to  14  years,  and  of  oak  ties  to  18  years.  That  two  gallons  were 
required  per  tie,  and  that  the  ties,  after  being  dried,  should  be  put  into 
boiling  oil,  the  small  end  down.  This  seemed  clear  and  definite,  and 
the  results  promised  to  be  so  important  that  one  of  your  committee 
went  out  to  Titusville  to  investigate.  He  found  that  no  ties  had  ever 
been  actually  treated  by  the  process  above  indicated,  but  that  it  was 
thought  that  it  would  be  the  best  way  of  applying  petroleum  should  it 
be  wished  to  preserve  timber  with  it ;  that  the  experience  consisted  in 
observing  the  duration  of  ties  in  various  side  tracks  on  which  crude  oil 
was  loaded,  and  where  there  was  more  or  less  dripping. 

The  side  tracks  were  accordingly  examined.  Upon  the  principal 
one,  still  used  as  a  track  for  loading  oil,  the  ground  was  found  to  be 
completely  saturated  with  petroleum;  it  oozed  out  and  spurted  up  from 
beneath  the  ties  upon  the  passage  of  each  car,  and  here  ties  12  or  13 
years  old  were  found  to  be  as  follows : 

Hemlock,  slightly  dozy  outside. 

Black  oak,     "  "  " 

White  beech,  dozy  outside,  sound  inside. 

White  ash,  sound  and  bright . 

Black  ash,       "         "         " 

White  oak,  perfectly  sound. 

Upon  an  adjoining  side  track,  however,  which  had  been  used  for  loading 
oil  for  two  or  three  years,  and  subsequently  used  for  other  purposes,  the 
ties  were  found  to  have  been  once  saturated  with  oil,  but  the  ground  was 
no  longer  in  that  condition.  This  side  track  was  9  years  old,  laid  of 
hemlock  ties,  and  these  were  badly  rotted  and  in  need  of  renewal. 

The  conclusion  drawn  was  that  crude  petroleum,  by  excluding 
moisture,  would  prove  a  preservative  so  long  as  it  continually  saturated 
the  wood,  but  that  if  merely  injected  once  for  all,  its  volatile  nature 
would  result  in  its  evaporating  out  and  leaving  the  timber  unprotected. 

Experiments  Nos.  22,  23  and  24  illustrate  the  difference  between 
good  and  bad  work.  Creosoting  works  at  Galveston,  Texas,  creosoted  in 
1874  some  10  000  superficial  feet  of  long  leaf  yellow  pine  paving  blocks. 
The  result  was  not  satisfactory.  The  blocks  upon  being  examined  in 
1881  showed  that  the  creosote  had  penetrated  the  wood  for  about  one- 
eighth  of  an  inch  only,  and  the  center  was  dozy.  Some  other  blocks, 
however,  furnished  for  a  stable  yard  (experiment  No.  23),  were  of  bastard 
or  loblolly  pine,  which,  in  its  ordinary  condition,  is  a  very  perishable 
wood.  These,  when  examined  in  1885,  proved  to  be  perfectly  sound, 
and  upon  being  split  open  were  found  to  be  creosoted  to  the  center. 

The  works  above  alluded  to  were  principally  established  to  creosote  the 
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piles  for  the  railroad  bridge  over  Galveston  Bay,  which  is  some  2  miles 
long.  This  was  in  1875  (experiment  No.  24).  In  1882,  Mr.  Temple, 
the  Chief  Engineer  wrote: 

"  About  one-half  of  the  piles  have  been  renewed,  having  been  eaten 
by  the  teredo,  caused  evidently  by  dishonest  creosoting,  for  last  year, 
upon  taking  out  the  foundation  of  the  draw  bridge  for  the  purpose  of 
replacing  it  with  brick,  it  was  discovered  that  only  two  piles  had  been 
attacked  out  of  a  selected  lot  of  74." 

"  The  piles  were  loblolly  pine,  known  in  most  Southern  States  as  'fox 
tail,' or 'old  field' pine,  the  life  of  which,  not  treated,  is  about  two 
years  here. " 

The  next  two  experiments  (No.  25  and  No.  26)  relate  to  the  most 
thorough  creosoting,  and  the  most  complete  success  which  has  been 
achieved  in  this  country.  They  cover  the  preservation  of  timber  both 
against  the  teredo  and  against  decay,  in  the  bridges  of  the  New  Orleans 
and  Mobile  Railroad,  by  Mr.  J.  W.  Putnam,  whose  detailed  account 
is  given  in  Appendix  No.  13.  As  this  will  be  doubtless  read  in  extenso, 
it  seems  sufficient  to  say  here  that  it  proves  conclusively  that  when  suf- 
ficient pains  and  expense  are  incurred  creosoting  is  thoroughly 
efficient. 

Experiment  No.  27  relates  to  some  10  000  Virginia  pine  ties,  which 
were  creosoted  in  1875-6,  and  laid  upon  the  Central  Railroad  of  New 
Jersey,  beyond  Bound  Brook.  These  ties  were  allowed  to  season  several 
months  before  being  treated,  and  therefore  absorbed  the  oil  satisfac- 
torily. They  are  now  cprite  sound  after  seven  or  eight  years'  exposure, 
and  are  very  little  cut  into  by  the  rails. 

Since  then  about  12  000  more  have  been  treated  at  the  Elizabethport 
works  by  Mr.  Andrews,  of  this  committee,  whose  views  upon  creosoting 
generally  are  herewith  given  in  Appendix  No.  14. 

In  this  connection,  we  may  allude  to  the  "Webb"  process  (experi- 
ment No.  28),  which  dates  back  to  1871,  and  consisted  in  boring  a  hole 
lengthwise  through  the  center  of  the  tie  or  timber  to  be  preserved, 
stopping  up  the  hole  with  a  plug,  and  then  by  a  lateral  hole,  filling  the 
cavity  with  creosote  oil;  the  lateral  hole  being  afterward  plugged  up 
with  an  iron  screw,  so  that  the  operation  could  be  repeated.  A  company 
with  a  capital  of  $2  000  000  was  formed  for  the  purpose  of  exploiting  the 
portable  boring  machine  with  which  the  holes  were  to  be  bored,  and  of 
granting  licenses  to  railroad  companies  upon  a  royalty  of  ten  cents  a  tie. 
As  the  pores  of  the  wood  are  mostly  longitudinal  with  the  grain,  and  are 
fewest  and  smallest  about  the  heart,  it  was  not  found  that  the  creosote 
thus  barreled  up  in  the  ties  disseminated  itself  much  into  the  sap  wood, 
especially  during  the  winter,  when  creosote  congeals  at  about  60°  F. 
and  becomes  quite  solid  at  lower  temperatures. 

Experiment  No.  29  consisted  of  two  yellow  pine  blocks,  creosoted 
with   15  to  19  pounds  to  the  cubic  foot,  which  were  furnished  by  Mr. 
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Andrews,  and  exposed  with  two  untreated  blocks  from  the  same  stick 
for  693  days  in  Delaware  Bay.  At  the  end  of  that  time  the  untreated 
blocks  were  largely  destroyed  by  the  teredo,  and  the  creosoted  blocks 
were  perfectly  sound.  It  was  also  found  that  the  latter  had  lost  nothing 
in  weight,  thus  indicating  that  the  oil  had  resisted  any  chemical  or 
mechanical  tendency  of  the  water  to  remove  it. 

The  next  five  experiments  (Nos.  30,  31,  32,  33  and  34)  all  pertain  to 
the  Hayford  process  as  carried  out  by  Mr.  Andrews,  and  applied  to  ties, 
fence  posts,  piles  and  plank.  The  results  are  all  favorable,  so  far  as  the 
limited  time  which  has  elapsed  permits  judgment  to  be  formed. 

Experiment  No.  35  consists  of  some  pine  ties  creosoted  by  Mr.  Put- 
nam, and  laid  in  New  Orleans.  It  may  confidently  be  asserted  that  they 
will  prove  a  success. 

Experiment  No.  36  represents  the  work  done  on  the  Houston  and 
Texas  Central,  in  creosoting  ties  at  their  own  works  at  Houston,  Texas. 
It  has  proved  a  success,  and  an  interesting  account  of  the  process  is 
given  by  Mr.  M.  G.  Howe,  in  Appendix  No.  15. 

Experiment  No.  37  consists  in  creosoting  the  piles  in  the  long  bridges 
across  Lake  Ponchartrain,  New  Orleans,  for  N.  O.  and  N.  Eastern  R. 
R.,  the  extension  of  the  Cincinnati  Southern  Railroad.  The  company 
built  its  own  works,  and  they  have  been  under  the  superintendence  of 
Mr.  J.  W.  Putnam. 

General  Remarks  ok  Creosoting. 

It  thus  appears  that  there  is  no  process  of  wood  preserving  the  effi- 
cacy of  which,  when  well  done,  is  better  established  than  creosoting, 
but  there  is  also  no  process  where  more  bad  work  has  been  done,  either 
from  design  or  ignorance.  The  reason  of  this  will  be  apparent  when 
the  cost  is  considered. 

Creosote  now  costs  about  one  cent  a  pound,  and  the  supply  in  this 
country  is  not  equal  to  the  demand,  so  that  it  has  to  be  imported  from 
England.  For  protection  against  decay  alone,  it  seems  necessary  to 
inject  by  the  present  methods  from  8  to  12  pounds  per  cubic  foot,  and 
this  represents  as  many  cents  per  cubic  foot  for  the  antiseptic  alone. 
If  we  apply  this  to  the  smaller  class  of  ties,  averaging  about  3  cubic  feet 
each  (and  ties  on  many  roads  average  4  cubic  feet),  we  have  from  24  to 
36  pounds  (or  cents)  of  creosote  required  for  proper  injection.  To  this 
is  to  be  added  the  cost  of  handling  the  ties  and  working  the  plant,  so 
that  it  may  be  said  that  properly  to  creosote  ties  will  cost  from  35  to  60 
cents  apiece,  in  accordance  with  their  size  and  the  amount  of  oil  in- 
jected. This  cost  in  most  instances  will  be  prohibitory,  and  it  will  gen- 
erally be  cheaper  to  let  the  ties  rot  and  to  replace  them  at  present 
prices. 

For  timber  in  very  wet  situations  or  exposed  to  marine  worms, 
creosoting  is  the  only  method  which  insures  success.     Whether  it  will 
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pay  to  use  it  will  depend  upon  the  exposure  and  the  activity  of  the 
worms.  Along  the  Gulf  Coast,  where  the  teredo  cuts  off  a  pile  in  eight 
months,  there  is  no  question  about  the  matter,  and  creosoting  must  be 
resorted  to.  In  our  Northern  harbors,  where  piles  are  destroyed  in  from 
five  to  twelve  years,  each  case  will  have  to  be  considered  on  its  own 
merits.  "Where  the  sea  water  is  fouled  by  sewage,  or  by  the  discharge 
of  gas  works,  or  the  fermentation  of  vegetable  refuse,  such  as  the  dust 
from  an  elevator,  the  teredo  is  inactive,  or  is  driven  away  altogether, 
as  he  requires  reasonably  clean  water  to  exist.  For  the  same  reason,  he 
will  not  work  much  below  the  mud  line.  It  is  stated,  however,  that  the 
limn  or  ia  is  not  injured  by  some  varieties  of  sewage.  How  far  these  con- 
sideration may  be  relied  upon  will  depend  on  the  circumstances  of  each 
case,  and  it  will  not  infrequently  happen  that  it  is  cheaper,  in  view  of 
cost  and  accruing  interest,  to  let  the  teredo  eat  the  piles,  than  to  incur 
the  expense  of  creosoting  the  timber  to  keep  him  out. 

It  seems  to  be  established  that  it  requires  from  ten  to  twenty  pounds 
of  creosote  per  cubic  foot,  depending  upon  the  exposure,  to  protect 
timber  against  the  teredo.  The  total  cost,  therefore,  may  be  estimated 
at  14  to  24  cents  a  cubic  foot,  or  $12  to  $20  per  1  000  feet,  b.  m.,  for  piles 
or  square  timber  exposed  to  the  attack  of  marine  worms,  and  from  12  to 
16  cents  a  cubic  foot,  or  $10  to  $14  per  1  000  feet,  b.  m  ,  for  timber 
exposed  to  decay  alone. 

There  are  creosoting  works  in  this  country  as  follows  : 

Somerset,  Mass Old  Colony  Railroad. 

Brooklyn,  N.  Y Eppinger  and  Russell. 

Pascagoula,  La New  Orleans  and  Mobile  Railroad. 

Bonf ouca,   La New  Orleans  and  Northeastern  Railroad. 

Houston,  Texas Houston  and  Texas  Central  Railroad. 

Summerville,  S.  C South  Carolina  Railroad. 

BOUCHERIE  OR  SULPHATE  OF  COPPER. 

The  name  of  Dr.  Boucherie  is  generally  applied  to  the  process  which 
he  invented  and  extensively  applied,  of  preparing  wood  by  forcing  a 
solution  longitudinally  through  the  pores  of  the  wood  by  means  of 
hydraulic  pressure.  As,  however,  he  also  patented  the  use  of  sulphate  of 
copper,  and  his  name  became  attached  to  the  use  of  that  antiseptic,  it 
will  be  convenient  here  to  classify  experiments  made  with  that  substance 
under  this  head. 

Dr.  Boucherie  was  a  distinguished  French  chemist,  who  between  1836 
and  1846  made  many  elaborate  researches  and  experiments  upon  the 
preservation  of  timber.  He  tried  many  substances,  and  at  first  recom- 
mended the  use  of  pyrolignite  of  iron,  but  subsequently  used  sulphate 
of  copper,  which  he  considered  more  effective. 

His  first  experiments  were  conducted  by  vital  suction,  that  is,  by 
tapping  the  living  tree,  and  allowing   the  ascending  sap  to  carry  up  a 
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preserving  solution.  This  was  not  found  to  give  uniform  or  satisfactory- 
results,  and  Dr.  Boucherie  then  invented  the  process  which  bears  his 
name.  This  was  practiced,  either  by  applying  a  cap  to  the  end  of  a  freshly 
cut  log,  through  which  the  solution  was  allowed  to  flow  by  pressure,  or 
by  sawing  a  log  nearly  through  in  the  middle,  raising  it  at  the  center 
slightly,  so  as  to  open  the  joint,  placing  a  strip  of  tarred  rope,  or  a 
rubber  band,  just  inside  the  periphery  of  the  cut  log,  and  letting  it 
spring  back,  so  as  to  form  a  tight  joint  by  pressing  upon  the  rope  or 
band.  An  auger  hole  bored  diagonally  into  the  cavity  so  formed  then 
served  to  admit  the  solution  under  pressure. 

This  process,  applied  with  a  solution  of  about  1  pound  of  sulphate 
of  copper  to  100  pounds  of  water,  has  been  extensively  applied  in 
France  for  many  years,  with  satisfactory  results.  It  was  found,  however, 
that  to  be  successful  it  must  be  applied  to  freshly  cut  trees  in  the  log 
only,  and  that  this  involved  so  much  delay,  moving  about,  waste  and 
annoyance,  that  it  has  now  been  abandoned.  These  difficulties  would 
be  still  greater  in  this  country,  and  in  the  Northern  States  the  process 
could  not  be  applied  at  all  during  the  winter  (or  season  for  cutting  down 
trees),  as  the  solution  would  freeze. 

On  page  279  is  a  list  of  the  experiments  which  your  committee  have 
been  able  to  learn  about,  as  having  been  made  with  sulphate  of  copper 
in  this  country. 

Comments  on  Sulphate  of  Copper  Experiments. 

The  first  experiment  was  carried  out  by  Mr.  "W.  W.  Evans,  on  the 
Southern  Railway  of  Chili,  in  1857,  and  he  informs  your  committee 
that  in  I860,  when  he  left  that  country,  the  ties  were  still  good  and  in 
serviceable  condition. 

We  give  herewith,  in  Appendix  No.  16,  an  interesting  letter  from  Mr. 
E.  Pontzen  to  Mr.  Evans,  on  the  subject  of  the  Boucherie  process. 

Experiments  Nos.  2  to  16,  inclusive,  were  all  tried  with  various  modi- 
fications of  the  sulphate  of  copper  process  as  introduced  by  Mr.  W. 
Thilmany  in  this  country.  They  date  back  to  1870  (experiment  No.  2), 
when  Mr.  Thilmany  was  working  and  recommending  the  methods  of 
vital  suction  and  of  the  Boucherie  hydraulic  pressure  system.  After 
describing  the  foreign  methods  of  injection  with  sulphate  of  copper,  he 
states  in  his  first  pamphlet  (1870)  :  "  This  process  resulted  very  satis- 
factorily, but  it  was  found  that  the  sulphate  of  copper  became  very 
much  diluted  by  the  sap,  and  when  the  same  liquid  was  used  several 
times,  the  decaying  substance  of  the  sap,  viz.,  the  albumen,  was  reintro- 
duced into  the  wood,  and  left  it  nearly  in  its  primitive  condition ." 

He  accordingly  proposed  a  double  injection,  first  by  muriate  of 
barytes,  and  secondly  by  sulphate  of  copper,  forced  through  by  the 
Boucherie  process,  and  it  is  presumed  that  the  ties  of  1870,  in  experi- 
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nient  No.  2,  which  showed  favorable  results  when  examined  in  1875, 
were  prepared  by  that  process. 

Subsequently  Mr.  Thilmany  changed  his  mode  of  application  to  the 
Bethell  process  of  injecting  solutions  under  pressure  in  closed  cylinders, 
and  probably  the  paving  blocks  for  experiment  No.  3  were  prepared  in 
that  way.  The  chemical  examination  of  them  by  Mr.  Tilden,  however, 
showed  the  "saturation  very  uneven  ;  absortive  power  high  ;  block  con- 
tains soluble  salts  of  copper,  removable  by  washing." 

It  was  expected  that  the  double  solution,  by  forming  an  insoluble 
compound,  would  prove  an  effective  protection  against  the  teredo. 
Experiments  Nos.  4,  5,  6  and  8,  however,  proved  the  contrary  to  be  the 
fact. 

The  process,  when  well  done,  gave  moderately  satisfactory  results 
against  decay.  A  pavement  laid  in  the  yard  of  the  Schlitz  Brewing 
Company,  in  Milwaukee  (experiment  7),  was  sound  in  1882,  after  some 
six  years'  exposure.  A  report  by  Mr.  J.  F.  Babcock,  a  chemist  of 
Boston  (experiment  No.  9),  indicated  favorable  results,  and  the  planks 
in  a  rope-walk  at  Charlestown  (experiment  No.  15),  laid  in  1879,  were 
yet  sound  in  1882 

The  experiments  on  railroad  ties  (Nos.  10,  11,  12,  13,  14  and  16), 
however,  did  not  result  satisfactorily.  They  seemed  favorable  at  first, 
and  great  things  were  expected  of  them  ;  but  late  examinations  made  on 
the  Wabash  Railroad,  on  the  New  York,  Pennsylvania  and  Ohio,  and  on 
the  Cleveland  and  Pittburgh  Railroad,  have  shown  the  ties  to  be  decay- 
ing, and  the  results  to  be  unfavorable. 

This  applies  to  the  sulphate  of  copper  and  barium  process.  Mr. 
Thilmany  has  patented  still  another  combination,  in  which  he  uses 
sulphate  of  zinc  and  chloride  of  barium,  which  has  been  noticed  under 
the  head  of  Burnettizing. 

Experiment  No.  17  was  tried  on  the  Hudson  River  Railroad.  It  con- 
sisted of  1  000  sap  piue  ties,  which  had  been  impregnated  in  the  South,  by 
the  Boucherie  process,  with  a  mixture  of  sulphate  of  iron  and  sulphate  of 
copper,  under  Hamar's  patent.  These  ties  were  laid  in  the  tunnel  at 
New  Hamburg,  a  trying  exj^osure,  and  when  examined,  in  1882,  several 
of  them  were  still  in  the  track.  The  process,  however,  was  found  to  be 
so  tedious  that  it  was  abandoned  after  a  year's  trial,  and  has  not  since 
been  resumed. 

In  1882  Mr.  H.  Fladd,  of  St.  Louis,  patented  a  method,  which  is  the 
inverse  of  the  Boucherie  process  (experiment  No.  18).  To  the  cap  fas- 
tened to  the  end  of  a  freshly  cut  log  he  applies  a  suction  pump,  and 
placing  the  other  end  into  a  vat,  filled  with  the  desired  solution,  he 
sucks  up  the  preserving  fluid  through  the  pores  or  sap  cells  of  the 
wood. 

Quite  a  number  of  experimental  ties  have  been  prepared  in  this  way, 
with  various  chemical  solutions,  chief  of  which  was  sulphate  of  copper, 
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and  there  is  probably  no  question  but  that  the  life  of  the  wood  will  be 
materially  increased  thereby. 

Whether  the  process  will  prove  more  convenient  and  economical  than 
the  original  Boucherie  process  can  only  be  determined  by  practical  ap- 
plication upon  an  extensive  scale. 

A  considerable  number  of  modifications  and  appliances  for  working 
the  Boucherie  process  have  been  patented  in  this  country  ;  but  none  of 
them  seems  to  have  come  into  practical  use,  probably  because  of  the 
necessity  for  operating  upon  freshly  cut  logs,  and  the  inconvenience  of 
such  applications. 

The  table  on  page  282  gives  a  -record  of  various  experiments  with 
miscellaneous  substances. 

Comments  on  Miscellaneous  Experiments. 

Experiments  Nos.  1,  2  and  3  relate  to  the  Earle  process,  from  which 
great  results  were  expected  from  1839  to  1844.  It  consisted  in  immers- 
ing timber,  rope,  canvas,  etc.,  in  a  hot  solution  of  1  pound  of  sulphate 
of  copper  and  3  pounds  of  sulphate  of  iron  mixed  in  20  gallons  of  water. 
It  was  first  tested  on  some  hemlock  paving  blocks  on  Chestnut  street, 
Philadelphia,  and  for  a  time  seemed  to  promise  good  results.  Experi- 
ments with  prepared  rope,  exposed  in  a  fungus  pit,  by  Mr.  James  Arch- 
bald,  Chief  Engineer  of  the  Delaware  and  Hudson  Canal,  seemed  also 
favorable. 

The  process  was,  therefore,  thoroughly  tried  at  the  Watervliet 
Arsenal,  where  it  was  applied  to  some  G3  000  cubic  feet  of  timber,  at  a 
cost  of  about  7  cents  per  cubic  foot.  The  timber  was  used  for  various 
ordnance  purposes,  and  while  it  was  found  to  have  its  life  extended,  as 
would  naturally  be  expected  from  the  known  character  of  the  anti- 
septics used,  its  strength  was  so  far  impaired,  and  it  checked  and 
warped  so  badly,  that  the  process  was  abandoned  in  1844. 

The  committee  is  indebted  to  General  S.  V.  Benet,  Chief  of  Ord- 
nance, for  a  full  copy  of  the  reports  upon  these  experiments. 

Experiments  Nos.  4  and  7  represent  the  lime  process,  which  has  been 
applied  to  a  considerable  extent  in  France.  The  fact  that  platforms  and 
boxes  used  for  mixing  lime  mortar  seem  to  resist  decay  has  repeatedly 
suggested  the  use  of  lime  for  preserving  timber.  In  1840  Mr.  W.  R. 
Huffnagle,  Engineer  of  the  Philadelphia  and  Columbia  Bailroad,  laid 
a  portion  of  its  track  on  white  pine  sills,  which  had  been  soaked  for 
three  months  in  a  vat  of  lime-water  as  strong  as  could  be  maintained. 
Similar  experiments  were  tried  on  the  Baltimore  and  Ohio  in  1850.  The 
result  was  not  satisfactory,  as  might  be  expected  from  the  fact  that  lime 
is  a  comparatively  weak  antiseptic  (52.5  by  atomic  weight,  while  creo- 
sote is  216),  and  from  the  extreme  tediousness  of  three  months'  soaking. 

Experiments  Nos.  5  and  8  were  tried  with  sulphate  of  iron,  sometimes 
known  as  Payenizing,  and  the  particulars  of  the  former  have  been  fur- 
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nished  by  Mr.  I.  Hinckley,  President  of  the  Philadelphia,  Wilmington 
and  Baltimore  Railroad,  to  whom  your  committee  is  much  indebted  for 
a  large  mass  of  information  on  the  subject  of  timber  preservation. 

Mr.  Hinckley  has  had  longer  and  more  varied  experience  on  this  sub- 
ject than  any  other  person  in  this  country.  Beginning  with  sulphate  of 
copper  in  1846,  following  with  chloride  of  mercury  in  1847,  and  chloride 
of  zinc  in  1852,  going  back  to  chloride  of  mercury,  and  again  to 
chloride  of  zinc,  using  the  latter  until  1865,  then  using  creosote  to  pro- 
tect the  piles  against  the  teredo  at  Taunton  Great  River  (experiment 
No.  2,  creosoting),  he  has  had  millions  of  feet  of  timber  and  lumber  pre- 
pared by  the  various  processes,  and  has  kindly  placed  at  our  disposal 
many  original  reports  in  manuscript  and  pamphlets  which  are  now  very 
rare. 

Experiment  No.  6  was  made  by  Mr.  Ashbel  Welch,  former  President 
of  this  Society,  and  consisted  in  boring  hemlock  track  sills  6  X  12  with 
a  1 1  -inch  auger-hole  10  inches  deep  every  15  inches.  These  were  filled 
with  common  salt  and  plugged  up,  as  is  not  infrequently  done  in  ship- 
building, but  while  the  life  of  the  timber  was  somewhat  lengthened,  it 
was  concluded  that  the  process  did  not  pay. 

Salt  has  been  experimented  with  numberless  times.  It  is  cheap,  but 
is  a  comparatively  weak  antiseptic,  its  atomic  weight  being  58.8  in  the 
hydrogen  scale,  as  against  135.5  for  chloride  of  mercury. 

Experiment  No.  9  is  included  in  order  to  notice  the  well-known  and 
most  ancient  process  of  charring  the  outside  of  timber.  In  this  particu- 
lar case,  the  fence  posts  after  charring  were  dipped  for  about  3  feet  into 
a  hot  mixture  of  raw  linseed  oil  and  pulverized  charcoal,  which  prob- 
ably acted  by  closing  the  sap  cells  against  the  intrusion  of  moisture, 
which,  as  is  well  known,  much  hastens  decay.  The  posts,  which  had  been 
set  butt-end  upward,  were  mostly  sound  in  1879,  after  24  years'  ex- 
posure. 

Experiments  Nos.  41,  42,  43  and  44  did  not,  however,  result  as  well, 
and  numberless  failures  throughout  the  country  attest  that  charring  is 
uncertain  and  disappointing  in  its  results. 

Much  ingenuity  has  been  wasted  in  devising  and  patenting  machinery 
for  charring  wood  on  a  large  scale  to  preserve  it  against  decay.  The  pro- 
cess, however,  is  so  tedious  in  comparison  with  the  benefits  which  it 
confers,  and  the  charred  surface  is  so  objectionable  for  many  uses,  that 
nothing  is  to  be  expected  from  the  process  upon  a  large  commercial 
scale. 

In  1857-8  Mr.  H.  K.  Nichols  tried  sundry  experiments  (No.  10),  at 
Pottsville,  Pa.,  upon  timber  which  he  endeavored  to  impregnate  with 
pyrolignite  of  iron  by  means  of  capillary  action.  Similar  experiments 
had  previouslv  been  thoroughly  tried  in  France  by  Dr.  Boucherie,  but 
the  result  has  not  been  found  satisfactory. 

In  1858  the  Erie  Railway  purchased  the  right  of  using  the  Nichols 
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patent,  and  erected  machinery  at  its  Owego  Bridge  shop  for  boring  a  2- 
inch  hole  longitudinally  through  the  center  of  bridge  timbers.  This  con- 
tinued till  1870,  when  the  works  were  burned,  and  in  rebuilding  them 
the  boring  machinery  was  not  replaced.  The  longitudinal  hole  allowed 
a  portion  of  the  sap  to  evaporate  without  checking  the  outside  of  the 
timber  and  undoubtedly  lengthened  its  life.  It  is  believed  there  are  yet 
(1885)  some  sticks  of  timber  in  the  bridges  of  the  road  that  were  so  pre- 
pared in  1868  or  1869. 

In  1867  Mr.  W.  H.  Smith  patented  a  method  of  preserving  timber, 
by  encasing  it  in  vitrified  earthenware  pipes,  and  filling  the  space 
between  the  timber  and  the  pipe  with  a  grouting  of  hydraulic  cement. 
This  was  applied  to  the  railroad  bridge  connecting  the  main  land  with 
Galveston  Island  (experiment  No.  12),  and  so  well  did  it  seem  to  suc- 
ceed at  first  that  it  was  proposed  to  extend  the  process  to  railroad  trestle 
work,  to  fencing,  to  supports  for  houses,  and  to  telegraph  poles.  But 
after  a  while  the  earthenware  pipes  were  displaced  and  broken,  the  pro- 
cess was  given  up,  and  Galveston  bridge  is  now  creosoted. 

In  1868  Mr.  S.  Beer  patented  a  process  for  preserving  wood  by 
simply  washing  out  the  sap  from  its  cells.  Having  ascertained  that 
borax  is  a  solvent  for  sap,  he  prepared  a  number  of  specimens  by  boil- 
ing them  in  a  solution  of  borax.  For  small  specimens,  this  answered  well, 
and  a  sign-board  treated  in  that  way  (experiment  No.  13)  was  preserved 
a  long  time,  but  when  applied  to  large  timber  the  process  was  found  very 
tedious  and  slow,  and  no  headway  has  been  made  in  introducing  it. 

Experiment  No.  14  was  brought  about  by  accident.  Some  years  ago 
it  was  discovered  that  there  was  a  strip  of  road  in  the  track  of  the 
Union  Pacific  Bailroad,  in  Wyoming  Territory,  about  10  miles  in  length, 
where  the  ties  do  not  decay  at  all.  The  Chief  Engineer,  Mr.  Blinkins- 
derfer,  kindly  took  up  a  cottonwood  tie  in  1882,  which  had  been  laid  in 
1868,  and  sent  a  piece  of  it  to  the  committee.  It  is  as  sound  and  a 
good  deal  harder  than  when  first  laid,  14  years  before,  while  on  some 
other  parts  of  the  road  cottonwood  ties  perish  in  2  or  5  years. 

The  character  of  the  soil  where  these  results  have  been  observed  is 
light  and  soapy,  and  Mr.  E.  Dickinson,  Superintendent  of  the  Laramie 
Division,  furnishes  the  following  analysis  : 

Calcium  carbonate 22 .  33 

Magnesium 3 .  39 

Organic  matter 4.20 

Insoluble  matter 941 .  47 

Loss  in  analysis 4 . 

Traces  of  phosphorus  acid  and  ammonia. 

The  following  remarks  made  by  the  chemists  who  made  the  analysis 
may  be  of  interest  : 

"The  decay  of  wood   arises  from  the  presence  in  the  wood  of  sub- 
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stances  which  are  foreign  to  the  woody  fiber,  but  are  present  in  the 
juices  of  the  wood  while  growing,  and  consist  of  albuminous  matter, 
which,  when  beginning  to  decay,  causes  also  the  destruction  of  the  other 
constituents  of  the  wood. 

"One  of  the  means  adopted  to  prevent  the  destruction  of  wood  by 
decay  is  by  the  chemical  alteration  of  the  constituents  of  the  sap. 

"This  is  brought  about  by  impregnating  the  wood  with  some  sub- 
stance which  either  enters  into  combination  with  the  constituents  of  the 
sap  or  so  alters  their  properties  as  to  prevent  the  setting  up  of  decom- 
position. 

' '  The  analysis  of  this  soil  shows  that  it  contains  large  quantities  of 
the  substances  (sodium,  potassium  chloride,  calcium  and  iron)  most 
used  in  the  different  processes  of  preserving  or  Kyanizing  wood.  It  also 
contains  much  inorganic  matter,  which  also  acts  as  a  preserving  agent. " 

Some  of  the  ties  so  preserved  have  been  transferred  to  other  portions 
of  the  track,  and  some  of  the  soil  has  also  been  transported  to  other 
localities,  so  that  it  is  hoped  that  in  the  discussion  which  may  be  ex- 
pected to  follow  this  report,  some  further  light  will  be  thrown  on  the 
subject,  by  an  account  of  the  results  of  these  experiments. 

Experiments  Nos.  15,  16,  17  and  18  are  most  instructive,  and  convey 
a  useful  lesson. 

In  1865  Mr.  B.  S.  Foreman  patented  the  application  of  a  dry  powder 
for  preserving  wood,  which  was  composed  of  certain  proportions  of 
salt,  arsenic  and  corrosive  sublimate.  This  action  was  based  upon  an 
experience  which  he  had  had,  when,  as  a  working  mechanic  of  Ellisburg, 
Jefferson  County,  N.  Y.,  in  1838,  he  had  £>reserved  a  water-wheel  shaft 
by  inserting  such  a  compound  in  powder  in  the  body  of  the  wood,  and 
ascertained  that  it  was  still  sound  some  14  years  later. 

His  theory  of  the  action  of  his  compound  upon  timber  was 
briefly  this  : 

"  That  all  wood  before  it  can  decay  must  ferment;  that  fermentation 
cannot  exist  without  heat  and  moisture  ;  that  the  chemical  property  or 
nature  of  his  compound,  wrhen  inserted  dry  into  wood,  is  to  attract 
moisture,  and  this  moisture,  aided  by  fermentation,  liquefies  the  com- 
pound ;  that  capillary  attraction  must  inevitably  convey  it  through  the 
sap  ducts  and  medullary  rays  to  every  fiber  of  the  stick.  ***** 
Were  these  crystallizations  salt  alone,  they  would  soon  dissolve,  but 
the  arsenic  and  corrosive  sublimate  have  rendered  them  insoluble;  hence 
they  remain  intact  while  any  fiber  of  the  wood  is  left. 

"The  antiseptic  qualities  of  arsenic  are  also  well  known,  and  have 
been  known  for  centuries.  Chemical  analysis  of  the  mummies  of  Egypt 
to-day  shows  the  presence  of  arsenic  in  large  quantities  in  every  portion 
of  their  substance.  "Whatever  other  ingredients  may  have  entered  into 
the  compound  that  has  been  so  potent  in  preserving  from  decay  the 
bodies  of  the  old  kings  of  Egypt,  and  even  the  linen  vestments  of  their 
tombs,  arsenic  was  most  certainlv  one. " 
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The  mode  of  application  used  by  Mr.  Foreman  was  to  bore  holes  two 
inches  in  diameter  three  fourths  of  the  way  through  sticks  of  square 
timber,  four  feet  apart,  to  fill  them  with  the  dry  powder,  and  to  plug 
them  up  with  a  bung.  For  railroad  ties  he  bored  two  holes  two  inches 
in  diameter,  six  inches  inside  of  the  rails,  and  filled  and  plugged  them. 
Fresh  cut  lumber  and  shingles  were  prepared  by  piling  layers  upon  each 
other,  with  the  dry  powder  sprinkled  between  in  the  ratio  of  twenty 
pounds  to  the  thousand  feet  of  lumber.  This  was  allowed  to  remain  at 
a  temperature  of  at  least  4.58°  F.  until  fermentation  took  place,  when  the 
lumber  was  considered  fully  "  Foremanized." 

The  process  was  first  applied  to  the  timber  and  lumber  for  a  steam- 
boat, and  in  1879  the  result  was  reported  to  be  favorable.  It  was  then 
applied  to  some  ties  on  the  Illinois  Central  Railroad,  where  it  did  not 
succeed,  and  to  some  on  the  Chicago  and  Northwestern,  where  they 
seem  to  have  been  lost  sight  of,  being  few  in  number,  so  that  your  com- 
mittee has  not  been  able  to  learn  the  result. 

Great  expectations  were,  however,  entertained,  and  a  conditional  sale 
was  made  to  various  parties  of  the  right  of  using  the  process,  notably, 
it  is  said,  to  the  Memphis  and  Charleston  Railroad  for  $50  000;  and  some 
ten  miles  of  ties  were  prepared  on  that  road,  when  the  poisonous  nature 
of  the  ingredients  used  brought  about  disaster. 

Some  shingles  were  prepared  for  a  railroad  freight  house  at  Fast  St. 
Louis,  but  all  the  carpenters  who  put  them  on  were  taken  very  ill,  and 
one  of  them  died. 

The  arsenic  and  corrosive  sublimate  effloresced  from  the  ties  along 
the  Memphis  and  Charleston  Railroad.  Cattle  came  and  licked  them  for 
the  sake  of  the  salt,  and  they  died,  so  that  the  track  for  ten  miles  was 
strewed  with  dead  cattle.  The  farmers  rose  up  in  arms,  and  made  the 
railroad  take  up  and  burn  the  ties.  The  company  promoting  Foreman- 
izing  was  sued  and  cast  in  heavy  damages,  and  it  went  out  of  business. 

In  1870  Mr.  A.  B.  Tripler  patented  a  mixture  of  arsenic  and  salt,  and 
the  succeeding  year  a  specimen  of  wood  prepared  under  that  patent  was 
submitted  to  the  Board  of  Public  Works  of  Washington,  D.  C,  and 
examined  by  its  chemist,  Mr.  W.  C.  Tilden  (experiment  19).  He  found 
the  impregnation  uneven,  and  the  absorptive  power  high,  but  he  did  not 
find  any  arsenic,  though  its  use  was  claimed. 

The  Samuel  process  (experiment  20)  consisted  in  the  injection,  first, 
of  a  solution  of  sulphate  of  iron,  and  afterward  of  common  burnt  lime. 
Mr.  Tilden  reported  the  wood  to  be  brittle,  and  the  water  used  to  test 
the  absorptive  power  to  have  been  filled  with  threads  of  fungi  in  forty- 
eight  hours. 

The  Taylor  process  (experiment  No.  21)  used  a  solution  of  sulphide 
of  calcium  in  pyroligneous  acid.     It  was  condemned  by  Mr.  Tilden. 

The  Waterbury  process  (experiment  22)  consisted  in  forcing  in  a 
solution  of  common  salt,  followed  by  dead  oil  or  creosote.  It  was  also 
condemned  by  Mr.  Tilden. 
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The  examinations  of  Mr.  Tilden  extended  to  some  fourteen  different 
processes,  most  of  which  have  already  been  noticed  in  this  report,  and 
their  practical  results  given. 

The  Board  of  Public  "Works,  however,  laid  down  a  considerable 
amount  of  prepared  wood  pavement  in  Washington,  all  of  which  is 
understood  to  have  proved  a  dismal  failure.  After  a  good  deal  of  inquiry 
your  committee  has  been  enabled  to  obtain  information  of  the  results  of 
three  of  these  experiments. 

The  pine  paving  blocks  upon  Pennsylvania  avenue  (experiment  23) 
were  first  kiln-dried,  and  then  immersed  in  a  hot  solution  of  sulphate  of 
iron. 

The  spruce  blocks  on  E  street  (experiment  24)  were  treated  with 
chloride  of  zinc,  or,  in  other  words,  Burnettized;  but  the  mode  of  appli- 
cation is  not  stated. 

The  pine  blocks  upon  Sixteenth  street  (experiment  25)  were  treated 
with  the  residual  products  of  petroleum  distillation.  It  is  stated  that 
this  was  the  only  process  in  which  pressure  was  used. 

In  from  three  and  a  half  to  four  and  a  half  years  the  blocks  were 
badly  decayed,  and  large  portions  of  the  streets  were  almost  impassable, 
while  other  streets  paved  in  the  same  year  with  untreated  woods  re- 
mained in  fair  condition. 

It  has  been  stated  to  your  committee  that  this  result,  which  did  much 
toward  bringing  all  wood  preserving  processes  into  contempt,  was 
chiefly  owing  to  the  very  dishonest  way  in  which  the  preparation  was 
done  ;  that  in  fact  there  was  a  combination  between  the  officials  and 
the  contractors  by  which  the  latter  were  chiefly  interested  "how  not  to 
do  it,"  aud  that  the  above  results,  therefore,  prove  very  little  on  the  sub- 
ject of  wood  preservation. 

Through  the  kindness  of  the  United  States  Navy  Department  your 
committee  is  enabled  to  give  the  results  of  a  series  of  experiments  (Nos. 
26  to  41,  inclusive)  which  have  been  carried  on  at  the  Norfolk,  Va.,  Navy 
Yard,  for  a  series  of  years,  by  Mr.  P.  C.  Asserson,  Civil  Engineer,  U.  S. 
N.,  to  test  the  effect  of  various  substances  as  a  protection  against  the 
teredo  navalis.  It  will  be  noticed  that  the  application  of  two  coats  of 
white  zinc  paint,  of  two  coats  of  red  lead,  of  coal  tar  and  plaster  of 
Paris  mixed,  of  kerosene  oil,  of  rosin  and  tallow  mixed,  of  fish  oil  and 
tallow  mixed  and  put  on  hot,  of  verdigris,  of  carbolic  acid,  of  coal  tar 
and  hydraulic  cement,  of  Davis'  patent  insulating  compound,  of  com- 
pressed carbolized  paper,  of  anti-fouling  paint,  of  the  Thilmany  process, 
and  of  "vulcanized  fiber,"  have  proved  failures. 

The  only  favorable  results  have  been  that  oak  piles  cut  in  the  month 
January  and  driven  with  the  bark  on  have  resisted  four  or  five  years, 
or  till  the  bark  chafed  or  rubbed  off,  and  that  cypress  piles,  well  charred, 
have  resisted  for  nine  years. 

This  merely  confirms  the  general  conclusion  which  has  been  stated 
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under  the  head  of  creosoting,  that  nothing  but  the  impregnation  with 
creosote,  and  plenty  of  it,  is  an  effectual  protection  against  the  teredo. 
Numberless  experiments  have  been  tried  abroad  and  in  this  country,  and 
always  with  the  same  result. 

There  are  quite  a  number  of  other  experiments  which  your  committee 
has  learned  aboiit  which  are  here  passed  in  silence.  The  accounts  of 
them  are  vague,  or  the  promised  results  of  such  slight  importance  as 
not  to  warrant  cumbering  with  them  this  already  too  voluminous  re- 
port. 

The  committee  also  forbears  from  discussing  the  merits  of  the  many 
patents  which  have  been  taken  out  for  wood  preservation.  It  had  pre- 
pared a  list  of  them,  and  investigated  the  probable  success  of  many  of 
them,  but  has  concluded  that  it  is  better  to  confine  itself  to  the  results 
of  actual  tests,  and  to  stick  to  ascertained  facts. 

Neither  does  the  committee  feel  called  upon  to  point  out  the  great 
importance  of  the  subject,  and  the  economical  advantages  which  will  re- 
sult from  the  artificial  preparation  of  wood  as  its  price  advances.  They 
hope,  however,  that  the  members  of  this  Society,  in  discussing  this  re- 
port, will  dwell  upon  this  point. 

We  shall  instead  give  as  briefly  as  possible  the  general  conclusions 
which  we  have  reached  as  the  result  of  our  protracted  investigation. 

Decay  of  Timber. 

Pure  woody  fiber  is  said  by  chemists  to  be  composed  of  52.4  parts  of 
carbon,  41  9  parts  of  oxygen  and  5.7  parts  of  hydrogen,  and  to  be  the 
same  in  all  the  different  varieties.  If  it  can  be  entirely  deprived  of  the 
sap  and  of  moisture,  it  undergoes  change  very  slowly,  if  at  all. 

Decay  originates  with  the  sap.  This  varies  from  35  to  55  per  cent, 
of  the  whole,  when  the  tree  is  felled,  and  contains  a  great  many  sub- 
stances, such  as  albuminous  matter,  sugar,  starch,  resin,  etc.,  etc.,  with 
a  large  portion  of  water. 

Woody  fiber  alone  will  not  decay,  but  when  associated  with  the  sap, 
fermentation  takes  place  in  the  latter  (with  such  energy  as  may  depend 
upon  its  constituent  elements),  which  acts  upon  the  woody  fiber  and 
produces  decay.  In  order  that  this  may  take  place,  it  is  believed  that 
there  must  be  a  concurrence  of  four  separate  conditions : 

1st.  The  wood  must  contain  the  elements  or  germs  of  fermentation 
when  exposed  to  air  and  water. 

2d.  There  must  be  water  or  moisture  to  promote  the  fermentation. 

3d.  There  must  be  air  present  to  oxidize  the  resulting  products. 

4th.  The  temperature  must  be  approximately  between  50°  and  100° 
F.     Below  32°  F.  and  above  150°  F.,  no  decay  occurs. 

When,  therefore,  wood  is  exposed  to  the  weather  (air,  moisture  and 
ordinary  temperatures)  fermentation  and  decay  Avill  take  place,  unless 
the  germs  can  be  removed  or  rendered  inoperative. 


THE    PRESERVATION    OF   TIMBER.  289 

Experience  has  proved  that  the  coagulation  of  the  sap  retards,  but 
does  not  prevent,  the  decay  of  wood  permanently.*  It  is  therefore 
necessary  to  poison  the  germs  of  decay  which  may  exist,  or  may  subse- 
quently enter  the  wood,  or  to  prevent  their  intrusion,  and  this  is  the 
office  performed  by  the  various  antiseptics. 

"We  need  not  here  discuss  the  mooted  question  between  chemists, 
whether  fermentation  and  decay  result  from  slow  combustion  (Erema- 
causis)  or  from  the  presence  of  living  organisms  (Bacteria,  etc.),  but 
having  in  the  preceding  pages  detailed  the  results  of  the  application 
of  various  antiseptics,  we  may  now  indicate  under  what  circumstances 
they  can  economically  be  applied. 

Selection  of  Pkeserving  Process. 

In  view  of  the  differing  cost  of  the  various  antiseptics  used,  and  of  the 
price  of  timber  in  this  country,  where  it  is  still  much  cheaper  than  in 
Europe,  we  believe  that  the  method  to  be  selected  for  preserving  wood 
(if  any)  depends  almost  wholly  upon  its  proposed  subsequent  exposure, 
and  that  it  has  been  a  mistake  hitherto  to  look  to  a  single  process  for  all 
purposes. 

If  the  timber  is  to  be  exposed,  in  sea  water,  to  the  attacks  of  the 
teredo  iiavalis  and  limnoria  terebrans,  there  is  but  one  antiseptic  which 
can  be  used  with  our  present  knowledge.  This  is  creosote  or  "dead 
oil,"  and  the  amount  of  it  necessary  depends  upon  the  activity  of  the 
teredo,  or  rather  upon  the  length  of  time  during  the  year  when  the 
temperature  of  the  water  renders  them  active. 

In  our  northern  harbors,  probably  10  to  12  pounds  of  creosote  to  the 
cubic  foot  of  timber  are  sufficient,  but  in  southern  seas  it  is  probably 
necessary  to  inject  from  14  to  20  pounds  per  cubic  foot. 

Whether  it  will  pay  to  do  this  depends  upon  so  many  local  circum- 
stances in  each  case  that  this  cannot  well  be  discussed  here.  If  the 
timber  is  to  be  exposed  in  a  very  wet  situation,  creosoting  is  also  the 
best  process  to  use.  It  will  cost  from  $10  to  $20  per  1  000  feet,  b.  m., 
or  35  to  60  cents  per  tie. 

The  selection  of  the  oil,  as  well  as  the  quantity,  is  of  importance.  It 
was  formerly  believed  that  the  antiseptic  properties  of  dead  oil  arose 
from  the  presence  of  carbolic  and  cresylic  acid,  but  a  very  able  paper 
by  Mr.  S.  B.  Boulton,  the  leading  authority  on  creosoting  in  England, 
read  before  the  British  Institution  of  Civil  Engineers  in  1884,  seems  to 
establish  the  fact  that  the  preserving  properties  of  dead  oil,  aside  from 
the  mechanical  effect  in  keeping  out  moisture,  are  chiefly  due  to 
"  Acridine,"  or  one  of  the  alkaloids  or  bases  now  known  to  exist  in 
creosote  oils. 

*  Angus  Smith,  1869,  "Disinfectants."  S.  B.  Boulton,  1884,  Institution  of  Civil  Engi- 
neers, "  On  the  Antiseptic  Treatment  of  Timber." 
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If  the  exposure  is  to  be  that  of  a  railroad  tie,  creosoting  is  doubtless 
the  most  perfect  process  to  use  ;  but  in  view  of  the  expense,  it  may  be 
preferable  to  use  a  cheaper  process,  dependent  somewhat  upon  the  loca- 
tion, as  away  from  the  seaboard  creosote  is  not  available,  and  transporta- 
tion is  expensive. 

Sleepers  of  Baltic  fir,  unprepared,  9  feet  long  and  10  x  5  inches,  gen- 
erally cost,  in  England,  about  90  cents  each,  unloaded,  grooved  and 
piled;  and  creosoting  adds  about  24  cents  to  this.  So  that  the  sleeper 
costs  about  $1.14  ready  to  go  into  the  track,  and  is  there  laid  with  a 
chair  under  the  double-headed  rail,  so  that  the  latter  does  not  cut  into 
the  wood.  These  sleepers,  therefore,  last  18  to  20  years,  while  in  this 
country  they  would  probably  be  cut  into  by  our  foot-rail  in  from  12  to 
16  years;  and,  moreover,  as  the  first  cost  of  our  ties,  of  corresponding 
timber,  say  hemlock  or  mountain  pine,  is  only  from  25  to  35  cents,  we 
cannot  afford  to  spend  an  equal  sum  in  preserving  them;  and  creosot- 
ing is  notoriously  more  expensive  here  than  in  England. 

With  our  present  knowledge,  and  as  a  result  of  this  investigation,  we 
believe  that  Burnettizing  is  the  advisable  process  to  use  for  ties  at  present 
in  this  country.  This,  if  well  done  (and  it  is  nearly  useless  to  do  it  other- 
wise), will  cost  20  to  25  cents  per  tie,  and  a  discussion  of  the  economical 
results  to  be  expected  therefrom  will  be  found  in  Appendix  No.  17, 
this  being  a  report  made  by  Mr.  Chanute  to  the  New  York,  Lake  Erie 
and  Western  Railroad  in  1883,  which  that  company  kindly  allows  to  be 
published. 

Good  results  may  be  accomplished  with  sulphate  of  copper,  but  not 
only  does  this  salt  render  wood  brittle  (more  so,  it  is  believed,  than 
chloride  of  zinc),  but  as  the  copper  attacks  iron  vessels,  its  use  necessi- 
tates preserving  cylinders  of  copper,  and  requires  an  expensive  plant. 

The  great  defect  of  all  mineral  salts  is  that  they  are  easily  soluble  in 
water,  and  so  wash  out  iu  time,  and  leave  the  timber  unprotected. 
Hence  the  many  attempts  to  patent  some  method  of  retaining  them  in 
the  wood.  What  these  may  be  worth  must  be  determined  by  time,  but 
the  desirable  combination  for  this  country  would  seem  to  be  the  im- 
pregnation of  the  inside  of  the  tie  with  some  metallic  salt  to  poison  the 
germs  of  decay,  and  a  thin  coat  of  creosote  outside  to  repel  the  intru- 
sion of  moisture. 

If  the  timber  is  to  be  exposed  in  a  comparatively  dry  situation,  as  in 
bridges,  a  trestle  or  a  fence,  the  results  of  this  investigation  indicate 
that  Kyanizing  is  a  good  process  to  use.  It  does  not  seem  to  impair 
the  strength  of  the  timber  as  much  as  Burnettizing,  and  the  latter 
accordingly  is  not  recommended  for  those  parts  of  structures  (chords, 
ties,  etc.)  which  are  to  bear  tensile  strains. 

Kyanizing  costs  about  36  per  1  000  feet,  b.  m.,  and  success  with  it 
cannot  be  expected  unless  the  work  be  well  done.  Caution  will  need  to 
be  observed  in  carrying  it  on,  as  corrosive  sublimate  is  a  violent  poison. 
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Modes  of  Application. 

The  various  modes  of  preserving  wood  which  have  been  experimented 
with  may  be  summarized  as  follows: 

1st.  Injecting  in  closed  cylinders  under  pressure. 

2d.  Steeping  or  immersion. 

3d.  Boucherie  process,  hydraulic  pressure  to  the  log. 

4th.  Exposure  to  vapors. 

5th.  Absorption  by  capillary  action. 

6th.  Inward  insertion  of  powders  or  liquids. 

7th.  Charring.     Application  of  heat. 

8th.  Painting. 

The  first  three  are  the  only  ones  which  need  concern  us,  and  of  these 
the  first  is  on  all  accounts  the  best,  most  effective,  and  most  expeditious. 
It  is  believed  to  be  nearly  impracticable  to  use  on  a  commercial  scale 
any  of  the  other  modes  of  application  for  the  injection  of  antiseptics. 

Conditions  of  Success. 

It  has  already  been  stated  that  success  in  wood  preservation  has 
heretofore  been  the  rule  in  Europe,  and  the  exception  in  this  country. 
This  has  chiefly  resulted  from  the  fact  that,  timber  being  cheap  and  in- 
terest high,  it  was  generally  more  economical  to  let  the  wood  rot  than 
to  go  to  the  exjjense  of  doing  the  work  well,  and  the  business  accordingly 
drifted  mainly  into  the  hands  of  designing  men  and  quacks.  The  ad- 
vancing price  of  timber,  however,  which  has  about  doubled  within  the 
last  twenty  years,  and  the  decline  in  the  rate  of  interest,  which  has 
dropped  about  one-third  within  the  same  period  of  time,  now  make  it 
practicable,  and  in  many  cases  necessary,  to  preserve  wood  against  decay 
in  many  parts  of  this  country. 

Your  committee  will  therefore  attempt  to  state  the  principal  con- 
ditions to  be  observed  to  achieve  success,  so  far  as  they  have  been  dis- 
closed by  this  investigation. 

1.  Select  the  appropriate  process,  in  view  of  the  subsequent  intended 
exposure  of  the  timber. 

2.  Select  the  more  open-grained,  porous  and  sappy  varieties  of  wood 
to  operate  upon. 

Antiseptics  penetrate  but  little  into  the  dense  structure  of  white 
oak,  burr  oak  and  yellow  or  heart  pine,  and  are  of  doubtful  utility  for 
white  pine,  chestnut  or  spruce,  while  they  readily  impregnate  and  pre- 
serve the  following  varieties  of  wood  : 

Hemlock,  Black  oak, 

Sweet  gum,  Red  oak, 

Mountain  pine,  Gray  oak, 

Loblolly  pine,  Water  oak, 
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Beech,  Sour  oak, 

Poplar,  Cottonwood, 

Ash,  Maple. 

Mr.  J.  B.  Francis  found  in  Burnettizing  that  white  birch  with  the 
bark  on  was  well  preserved,  while  in  hewed  white  birch  the  decay  was 
complete,  probably  because  of  the  difference  in  density  and  penetrability 
of  the  sap  wood  and  the  heart  wood. 

The  experience  of  the  English  engineers  is  to  the  same  effect,  and 
they  prefer  to  employ  for  creosoting  the  more  opeu-grained  kinds  of 
wood,  and  sap  wood  rather  than  heart. 

It  will  be  found  that  there  are  great  differences  in  the  density  of 
wood  grown  in  various  localities  and  sections  of  the  country. 

3.  Operate  upon  the  cheaper  woods.  Not  only  is  the  preserving  effect 
less  upon  the  more  valuable  kinds,  but  they  are  more  durable  naturally, 
and  it  is  a  question  whether  at  present  prices  it  will  pay  to  prepare 
them  against  decay.  The  cheap  woods,  on  the  contrary,  can  be  made  to 
outlast  the  best  woods  in  their  natural  state  by  a  thorough  artificial 
preparation. 

For  railroad  ties  it  will  be  advisable  to  select  the  harder  kinds  of  wood 
to  guard  them  against  cutting  into  by  the  rails,  especially  upon  curves. 
Preservation,  however,  materially  adds  to  the  natural  hardness  of 
timber,  and  it  is  found  to  resist  cutting  by  the  rail,  under  ordinary 
traffic,  from  12  to  16  years. 

4.  Extract  the  sap  and  water,  as  far  as  practicable,  before  injecting 
the  preservative.  It  is  obvious  that  a  liquid  solution  cannot  be  forced 
in,  unless  there  is  a  place  for  it,  and  yet  most  of  the  failures  of  valuable 
methods  can  be  traced  to  neglect  of  this  obvious  requirement.  Timber 
must  be  well  seasoned  either  naturally  or  artificially  before  the  antisep- 
tic is  injected,  except  in  the  case  of  the  Boucherie  process,  which  can 
only  be  applied  to  freshly  cut  logs. 

The  Europeans  operate,  as  has  been  stated,  upon  timber  which  has 
been  cut  and  seasoned  six  months  or  more,  and  hence  they  find  little 
trouble  in  injecting  the  solutions.  In  this  country  we  must  operate 
chiefly  upon  green  or  freshly  cut  timber,  and  hence  must  resort  to  steam- 
ing, if  we  use  the  pressure  method  of  injection.  Very  good  results  are 
accomplished  by  steaming,  but  the  work  must  be  well  done,  and  at  such 
heat  and  pressure  as  not  to  injure  the  fiber. 

5.  Put  in  enough  of  the  antiseptic  to  accomplish  the  desired  result, 
and  make  sure  that  its  quality  and  strength  are  such  as  neither  to  injure 
the  fiber  of  the  wood  nor  to  leave  it  unprotected. 

6.  After  the  wood  is  prepared  allow  it  to  dry  as  much  as  practicable 
before  using.  Its  durability  will  be  materially  increased  by  getting  rid 
of  surplus  moisture. 

7.  Let  there  be  no  uudue  haste  in  carrying  on  the  work.  This  is 
sure  to  result  in  unsatisfactory  preparation. 
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8.  In  laying  prepared  ties  or  timber  in  the  track  protect  them  from 
moisture  or  water,  as  far  as  practicable,  by  draining  the  road-bed. 

9.  Contract  with  none  but  reliable  parties.  As  an  inspection  subse- 
quent to  the  doing  of  the  work,  short  of  chemical  analysis,  does  not 
establish  tbe  fact  whether  it  has  been  well  done,  and  the  results  cannot 
be  detected  for  some  years,  there  will  always  be  a  great  temptation  to 
do  bad  or  careless  work  under  contracts.  The  safe  course,  therefore,  for 
those  who  decide  to  have  timber  preserved  is  either  : 

A.  To  do  the  work  themselves,  under  the  supervision  of  experts; 

B.  To  contract  it  at  a  sufficient  price  to  honest  and  skillful  parties, 
keeping  an  inspector  at  the  works  to  note  the  daily  working  wheu  the 
magnitude  of  the  order  will  warrant  it ;   or, 

C.  Contract  the  work  on  such  terms  that  the  profits  shall  depend 
upon  the  results  accomplished  in  preserving  the  wood  against  decay. 

Will  it  Pay  '? 

The  question  as  to  whether  it  will  pay  to  preserve  timber  against  de- 
cay seems  to  have  been  answered  very  positively  in  the  affirmative  in 
Europe.  There  seems  to  be,  indeed,  no  longer  any  question  there  about 
it ;  preservation  is  looked  upon  as  quite  a  matter  of  course,  and  public 
works  which  fail  to  avail  of  it  are  alluded  to  as  neglecting  an  important 
economy.* 

In  this  country,  preservation  of  wood  (except  in  an  experimental 
way)  has  been  the  rare  exception,  but  the  time  has  probably  arrived 
when,  in  many  sections,  an  economy  of  twenty  to  fifty  per  cent,  a  year 
can  be  obtained  in  the  maintenance  of  timber  structures  and  cross-ties, 
by  preparing  them  artificially  to  resist  decay,  while  in  other  sections 
timber  is  still  too  cheap  to  warrant  spending  money  to  preserve  it . 

This  depends  upon  the  price.  Thus  where  a  white  oak  tie  costs 
twenty-five  cents  and  lasts  eight  years,  if  we  spend  twenty-five  cents 
more  in  preparing  it  so  that  it  will  last  sixteen  years,  we  but  double  the 
life  as  well  as  the  cost,  and  save  only  the  expense  of  taking  the  old  tie 
out,  and  placing  the  new  tie  in  the  track,  at  the  end  of  the  first  eight 
years,  if  the  price  of  ties  in  the  meanwhile  continues  the  same. 

If,  however,  the  oak  tie  costs  seventy-five  cents,  and  we  can  substi- 
tute a  hemlock  tie,  which  would  unprepared  last  three  aud  a  half  years, 
and  cost  thirty  cents,  and  by  preparing  it  extend  its  life  to  twelve  years, 
at  an  additional  cost  of  twenty- five  cents,  or  even  more,  we  then  have  a 
notable  economy,  both  in  first  cost  and  in  duration . 

In  the  case  of  piles,  which  are  cut  off  by  the  teredo  in  one  or  two 
years,  as  occurs  in  our  Southern  harbors,  the  case  is  plain.  They  must 
be  creosoted,  or  great  w^aste  and  increased  expense  will  result .     In  cases 

*  Funk's  paper,  Appendix  No.  6.  Discussion  of  Boulton,  "  The  Antiseptic  Treatment  of 
Timber." 
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where  they  last  eight  to  ten  years,  as  in  some  Northern  sections,  it  will 
depend  partly  upon  the  value  of  the  structure  which  the  piles  sustain 
whether  it  will  pay  to  creosote  them  or  not. 

In  the  case  of  bridges  and  trestles,  much  will  depend  upon  the  ex- 
posure, and  the  cost  of  maintenance,  as  well  as  upon  the  proximate  ex- 
haustion of  suitable  timber  in  the  vicinity,  and  upon  contemplated  per- 
manent renewals,  while  in  the  case  of  buildings,  platforms,  floors,  etc., 
the  ordinary  wear  from  traffic  will  also  have  to  be  taken  into  account. 

The  most  important  factor  will  be  the  exposure  (wet  or  dry),  and  con- 
sequent rate  of  decay.  Thus  all  brewers  find  it  very  economical  to  pre- 
serve their  floors;  and  mills,  bleacheries,  dye-houses,  etc.,  largely  resort 
to  artificial  preparation  of  timber  because  of  their  exposure  to  slopping 
of  water,  and  consequent  moisture  in  heated  apartments. 

The  engineers  and  managers  of  the  several  works,  therefore,  will  have 
to  figure  up  for  themselves,  in  view  of  the  local  circumstances  of  their 
case,  and  the  present  and  prospective  price  of  timber,  whether  the 
economy  of  artificial  treatment  is  sufficiently  attractive  to  induce  them 
to  resort  to  it. 

The  great  consumers  of  timber  are  the  railroads,  and  the  managers  of 
such  enterprises  have  to  be  governed  by  a  good  many  considerations, 
both  of  finance  and  of  expediency,  besides  those  of  eventual  economy. 

Hitherto,  aside  from  the  past  cheapness  of  timber,  the  principal  ob- 
jections to  its  preparation  against  decay  have  been  the  lack  of  informa- 
tion as  to  what  results  could  be  confidently  expected,  and  the  conflicting 
claims  of  the  promoters  of  various  modes  of  treatment,  each  of  whom 
represented  his  process  as  absolutely  the  best  under  all  circumstances. 

The  committee  hopes  that  this  report  of  the  results  of  its  investiga- 
tions during  the  past  five  years  will  have  done  something  toward  re- 
moving the  above  mentioned  obstacles  to  an  important  economy,  but 
there  still  remains  the  objection  that  the  results  to  be  accomplished  are 
somewhat  remote,  while  the  expenditure  must  be  immediate. 

Railroad  managers  naturally  want  to  obtain  immediate  returns.  They 
do  not  like  to  burden  the  revenues  of  the  current  year  for  the  benefit  of 
future  administrations,  and  they  are  with  reason  jealous  of  every  dollar 
that  goes  out  now,  even  if  it  promises  to  save  two  or  three  dollars  in  the 
future  ;  yet,  now  that  close  competition  requires  every  possible  economy 
to  be  availed  of,  that  railroads  must  more  largely  depend  upon  saving 
.money  in  their  maintenance,  in  order  to  continue  or  to  resume  their 
dividends,  and  that  companies  in  good  standing  can  obtain  new  capital 
for  expense-saving  appliances  at  four  and  one-half  or  five  per  cent,  a 
year,  the  time  has  probably  arrived,  in  view  of  advancing  prices  and 
scarcity  of  timber,  when  some  leading  railroads  will  take  steps  to  pre- 
serve it. 

Computations  of  the  money  saving  to  be  effected  will  be  found  in 
Appendix  No.  6  and  in  Appendix  No.  17. 
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In  the  former,  Privy  Councillor  Funk  estimates  that  in  1878,  out  of 
sixty  millions  of  sleepers  on  the  German  railroads,  twenty-five  millions 
were  impregnated,  and  that  even  with  the  extraordinary  length  of  life 
stated  for  unprepared  ties  (13.6  years  for  oak  and  6.1  for  fir  and  pine), 
had  the  remaining  thirty-five  millions  of  ties  been  impregnated,  there 
would  have  been  a  X'esulting  economy  of  about  one  million  of  dollars  a 
year,  or  some  thirty-three  per  cent,  on  the  cost  of  renewals. 

This  estimate  is  understood  as  having  resulted  in  a  material  extension 
of  tie-preserving  in  Germany,  notwithstanding  the  fact  that  metallic  ties 
have  already  been  largely  introduced  in  that  country. 

As  regards  the  latter,  a  simple  calculation  shows  that  the  time  has 
not  yet  arrived  when  they  can  profitably  be  introduced  in  this  country. 
They  will  cost,  laid  in  the  track,  about  $2.50  each,  and  were  they  to  last 
forever  (the  estimated  life  in  Germany  is  20  to  40  years),  the  interest  on 
the  cost,  at  5  per  cent.,  would  be  12 £  cents  a  year  a  tie,  or  more  than  the 
annual  charge  of  an  unprepared  white  oak  tie,  costing  77  cents  in  the 
track,  and  lasting  7  years. 

If,  instead  of  13.6  years  for  oak,  and  6.1  years  for  fir  and  pine,  un- 
prepared, which  life  is  said  to  obtain  in  Germany  (probably  in  conse- 
quence of  more  thoroughly  drained  and  ballasted  road  beds  than  our 
own),  we  assume  a  life  of  8  years  for  oak,  and  4  years  for  mountain  pine 
and  hemlock,  as  in  better  accord  with  experience  in  this  country,  we 
shall  have  the  following  computations  of  economy,  upon  the  basis  of 
Councillor  Funk's  paper,  when  oak  sells  at  50  cents,  and  hemlock  at  25 
cents  a  tie  : 

Unprepared  Ties. 

Annual  Charge. 

15  000  000  oak,  @  50  c.  =  $7  500  000  -f-  8 $937  500 

20  000  000  hemlock,  (a   25  c.  =  $5  000  000  -i-  4 1  250  000 


187  500 


If  it  costs  25  cents  each  to  impregnate  them,  we  then  have  for  lives  of 
1 6  and  12  years  : 

Preserved  Ties. 

Annual  Charge. 

15  000  000  oak,  @  75  c.  =  $11  250  000  4-  16 $703  125 

20  000  000  hemlock,  @  50  c.  =  $10  000  000  -^  12 833  333 


$1  536  458 


Annual  economy,  $651  042. 

When,  however,  the  prices  have  advanced  to  75  cents  for  the  oak, 
and  30  cents  for  the  hemlock,  we  have,  with  the  same  life  and  cost  of 
preparation,  the  following  comparison  : 
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Unprepared  Ties. 

Annual  Charge. 

15  000  000  oak,  @  75  c.  =  $11  250  000  4-  8 $1  406  250 

20  000  000  hemlock,  @  30  c.  =  $6  000  000  -f-  4 1  500  000 

$2  906  250 
Preserved  Ties. 

15  000  000  oak,  @  $1  =  $15  000  000  ^  16 $937  500 

20  000  000  hemlock,  @.  55  c.  =  $11  000  000  -f- 12 916  667 


$1  854  167 

Annual  economy,  $1  052  083. 

This  illustrates  how  the  economy  of  preservation  increases  as  the 
price  of  ties  advances. 

The  above  mode  of  calculation  is  not  strictly  accurate.  It  omits  the 
interest  account,  which  would  increase  the  cost  as  against  the  prepared 
ties,  and  it  also  omits  the  cost  of  periodical  renewals,  which  would  in- 
crease the  cost  of  the  unprepared  ties. 

Various  methods  have  been  employed  for  computing  the  economy  of 
renewable  structures.  Local  conditions  and  considerations  vary  so 
much,  and  there  are  so  many  circumstances  which  will  force  themselves 
into  the  account,  that  it  is,  perhaps,  not  wise  to  state  any  very  definite 
rule  in  the  premises.  Your  committee  submit,  however,  three  methods 
for  such  calculations  in  the  appendix. 

Appendix  No.  18  is  an  estimate  of  the  economy  of  creosoting  ties,  by 
Mr.  E.  R.  Andrews,  of  this  committee.  Appendix  No.  19  is  an  estimate 
of  what  increased  life  is  necessary  in  order  to  justify  a  certain  rate  of  ex- 
penditure in  preserving  timber,  by  Mr.  B.  M.  Harrod,  also  of  this  com- 
mittee, and  Appendix  No.  20  contains  a  formula  for  estimating  the 
economy  of  various  kinds  of  ties,  furnished  to  your  committee  by  an 
expert  in  such  matters,  the  late  Mr.  Ashbel  Welch,  then  President  of 
this  Society,  and  who  thus  renders  a  last  service  to  the  Society  which 
regrets  him  still. 

Respectfully  submitted. 
O.  Chantjte, 

B.  M.  Harrod, 
G.  Bouscaren, 
E.  R.  Andrews, 
E.  W.  Bowditch, 

C.  S.  Smith, 
J.  W.  Putnam, 
G.  H.  Mendedd, 
Frederic  Graff,  ex- officio, 

Committee  on  the  Preservation  of  Timber. 
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Appendix  to  the  Kepoet  of  the  Committee. 


APPENDIX  No.  2.  * 

Kyanizing. 

Letter  from  J.  B.  Francis,  Past  President,  Am.  Soc.  C.  E. 

O.  Chanijte,  Esq., 

Chairman   of   Committee  of  the   Am.    Soc.    of  Civil  Engrs. 
on  the  Preservation  of  Timber. 

Dear  Sir, — In  reply  to  your  inquiry  as  to  my  experience  in  the 
preservation  of  timber,  I  have  to  say,  that  in  the  year  1848,  as  Chief  En- 
gineer of  the  Proprietors  of  the  Locks  and  Canals  on  Merrimack  Eiver, 
who  control  and  manage  the  water  power  furnished  by  that  river  at 
Lowell,  Massachusetts,  finding  the  need  of  some  means  of  preventing 
the  rapid  decay  of  the  numerous  wooden  bridges  and  other  works  main- 
tained by  them,  I  recommended  the  adoption  of   Kyanizing,  and  the 


*  Appendix  No.  1  is  a  paper  on  The  Preservation  of  Forests,  by  F.  Collingwood,  M.  Am. 
Soc.  C.  E.,  and  is  published  separately. 


298  THE    PRESERVATION"   OF   TIMBER. 

necessary  works  were  erected.  The  process  was  patented  in  England  by- 
John  Howard  Kyan,  March  31st,  1832,  and  soon  after  in  the  United  States. 
It  consists  in  impregnating  the  wood  with  a  solution  of  bi-chloride  of 
mercury,  commonly  called  corrosive  sublimate.  Two  wooden  tanks  were 
provided,  each  about  fifty  feet  long,  seven  and  a  half  feet  wide,  and  four 
feet  deep.  In  these  the  timber  to  be  prepared  is  placed,  the  several 
layers  being  separated  by  laths,  and  the  spaces  filled  with  the  solution, 
consisting  of  corrosive  sublimate,  one  part,  and  water,  ninety-nine  parts. 
The  timber  is  kept  immersed  a  length  of  time  depending  on  its  least 
thickness,  one  day  being  allowed  for  each  inch  in  thickness,  and  one  day 
in  addition,  whatever  the  thickness;  thus,  for  a  six-inch  timber  seven 
days'  immersion  is  allowed. 

In  1850  we  were  induced  to  substitute  Burnettizing  for  Kyanizing,  it 
being  said  to  be  equally  effective,  much  cheaper,  and  more  expeditious. 
The  two  processes  are  alike,  except  that  in  Burnettizing  chloride  of  zinc 
is  the  antiseptic.  Corrosive  sublimate,  the  antiseptic  in  Kyanizing, 
attacks  iron,  which  interferes  with  the  latter  process  being  carried  on  in 
closed  tanks  from  which  the  air  is  exhausted,  and  the  solution  injected 
under  high  pressure.  Chloride  of  zinc  is  free  from  this  objection. 
Burnettizing  was  carried  on  at  Lowell  for  about  twelve  years  by  the  ex- 
peditious process  of  exhaustion  and  pressure. 

In  1862  we  resumed  Kyanizing,  our  experience  of  fourteen  years  hav- 
ing indicated  that  it  was  a  much  more  effective  preservative  for  our  pur- 
poses than  Burnettizing. 

In  1849  the  Pawtucket  Street  Bridge  over  the  Northern  Canal  was 
built.  It  is  a  stringer  bridge,  about  120  feet  long  and  30  feet  wide,  sup- 
ported by  two  piers  and  two  abutments.  The  timber  is  northern  white 
pine,  and  is  all  Kyanized.  No  repairs  were  made  upon  it,  except  the 
surface  planking,  until  April,  1882,  when  three  of  the  stringers  were 
found  to  be  so  much  decayed  as  to  require  renewal,  and  the  lower  ends 
of  some  of  the  braces,  which  came  in  contact  with  masonry  or  rock,  were 
cut  off  and  replaced.  Some  of  the  remainder  of  the  timber  had  signs  of 
decay,  but  is  considered  good  for  some  years  to  come. 

In  1850  the  Proprietors  of  Locks  and  Canals  built  a  picket  fence, 
eight  feet  high  and  about  six  hundred  and  seventy  feet  long,  of  Kyanized 
spruce,  around  a  small  reservoir.  It  has  been  whitewashed  from  time  to 
time,  the  last  time  about  seven  years  ago,  and  it  is  now  nearly  bare. 
The  posts  are  about  six  by  eight  inches,  with  three  rails.  I  made  an 
examination  of  the  fence  on  the  11th  inst.,  and  found  very  little  sign  of 
decay  above  the  surface  of  the  ground,  and  this  part  of  the  fence  is  ser- 
viceable for  many  years  longer.  Below  the  surface  of  the  ground,  which 
is  a  dry  gravel,  all  the  posts  are  decayed  more  or  less;  about  one-half  of 
them  are  rotted  off,  or  nearly  so,  at  the  surface  of  the  ground,  and  the 
opportunity  of  this  examination  has  been  taken  to  batten  them,  with 
two  a-id  a  half  inch  Kyanized  spruce  plank,  six  and  a  half  feet   long, 
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which  it  is  expected  will  extend  the  duration  of  this  part  of  the  fence 
for  many  years.  The  remainder  of  the  posts,  although,  as  I  have  said, 
they  are  decayed,  more  or  less,  are  considered  serviceable  for  some  time 
longer,  without  battening. 

In  1862,  when  Kyanizing  was  resumed,  for  the  purpose  of  obtaining 
some  definite  information  as  to  its  effects  on  different  woods,  specimens 
of  twelve  kinds  growing  in  the  valley  of  the  Merrimack  were  obtained 
and  prepared  in  the  usual  manner.  The  following  is  a  schedule  of  the 
specimens,  which  were  collected  and  prepared  as  above,  in  the  summer 
and  fall  of  1862: 

No.  1,  Old  growth  white  pine,  18  feet  long,  9x9  inches. 

"    2,  Sapling  white  pine,  "           "         " 
"    3,  Northern  hard  pine, 
"    4,  Spruce, 

"    5,  Hemlock,  "           " 
"    6,  Beech, 
"    7,  Black  birch, 

"    8,  Yellow  birch,  " 

«'    9,  Bock  maple,  "           "         " 

"  10,  White  maple,  " 

"  11,  Brown  ash,  "          "         " 

"12,  Poplar,  cottonwood,  "           "       7x7  inches. 

The  specimens,  after  being  numbered  as  above,  were  cut  in  two,  and 
one-half  of  each  was  Kyanized,  and  the  other  half  retained  in  its  natural 
state. 

In  the  following  spring,  April  29th,  1863,  they  were  set  out  in 
ground  as  posts,  in  two  rows,  about  four  feet  of  their  length  in  the 
ground  and  about  five  feet  out,  where  they  still  remain.  The  specimens 
have  been  fully  exposed  to  the  weather,  the  unprepared  row  being  about 
two  feet  from  the  northwest  side  of  a  building,  and  the  Kyanized  row 
about  six  inches  in  front  of  them,  all  being  about  nine  inches  apart  in 
the  row.  The  soil  is  a  coarse  gravel,  rather  binding,  but  containing  no 
clay,  and  is  thoroughly  drained  by  the  cellar  of  the  neighboring  building, 
the  walls  of  which  are  laid  without  mortar. 

On  the  13th  inst.  they  were  examined  with  reference  to  their  state  of 
preservation.  The  unprepared  specimens,  both  above  and  below  the 
surface  of  the  ground,  are  very  much  decayed,  and  their  forms  are  re- 
tained only  by  being  boxed  up  on  all  sides  with  boards.  The  Kyanized 
specimens,  although  nearly  all  of  them,  in  the  parts  below  the  surface  of 
the  ground,  are  somewhat  decayed,  retain  their  forms  perfectly,  and 
have  the  ring  of  sound  timber  when  struck.  There  are  differences  in  the 
amount  of  decay  in  different  specimens.  In  all  the  specimens  it  appears 
to  be  confined  to  the  parts  below  the  surface  of  the  ground  and  to  within 
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an  inch  of  the  surface  of  the  wood.  The  hemlock  shows  no  signs  of 
decay;  the  other  specimens  all  show  some  signs  of  decay,  and  by  inspec- 
tion appear  to  have  been  preserved  in  the  following  order:  Black  birch, 
brown  ash,  beech,  white  maple,  and  rock  maple. 

The  three  specimens  of  pine,  the  spruce,  and  yellow  birch  follow; 
but  are  so  nearly  equally  preserved  that  they  could  not  be  graded. 

The  Kyanized  specimen  of  beech  has  some  season  cracks  which  con- 
tain fungus,  from  which  similar  cracks  in  the  other  specimens  are  free. 
The  cottonwood  is  the  most  decayed,  apparently  extending  to  about  an 
inch  from  the  surface,  but  it  is  still  firm  and  serviceable  as  a  post,  and 
the  part  above  ground  shows  no  signs  of  decay  ;  a  sixteenth  of  an  inch 
below  the  surface  the  wood  is  bright,  and  much  harder  than  new  wood. 
The  unprepared  specimen  is  decayed  to  an  extent  resembling  black 
soil.* 

Cottonwood  does  not  grow  naturally  in  the  valley  of  the  Merrimack  ; 
our  specimens  were  from  a  tree  planted  on  the  bank  of  a  canal.  As  is 
well  known,  it  grows  very  rapidly  and  is  propagated  with  facility  from 
cuttings.  My  experience  with  it  is  very  limited,  but  as  far  as  it  goes,  it 
indicates  that,  in  localities  suited  to  its  growth,  it  might  be  cultivated 
with  advantage  as  a  timber  tree  and  be  made  as  durable  as  most  other 
woods  by  the  Kyanizing  process. 

The  cost  of  Kyanizing  depends  mainly  on  the  price  of  corrosive  subli- 
mate. This  has  been  latterly  much  reduced.  In  1848  it  was  $1.25  per 
pound  ;  the  present  price  is  from  50  to  55  cents  per  pound,  depending 
on  the  cost  of  quicksilver.  The  average  quantity  used  at  Lowell  is 
about  five  pounds  per  thousand  feet,  board  measure,  or  0.06  pounds  per 
cubic  foot,  making  the  cost  of  the  corrosive  sublimate  not  exceeding 
$2.75  per  thousand  feet,  board  measure,  or  3-^-  cents  per  cubic  foot. 
This  is  deduced  from  the  amount  used  during  several  years,  and  is  of 
course  an  average.  There  are  considerable  variations  in  the  amount  of 
corrosive  sublimate  taken  up  by  the  Lowell  method,  depending  on 
quality,  size  and  state  of  dryness  of  the  timber.  The  other  principal 
items  that  enter  into  the  cost  are  labor  and  interest  on  cost  of  the  plant. 
These  will  vary  much  in  amount,  depending  on  the  extent  and  regularity 
of  the  operations. 

The  patent  has  expired  long  since,  and  there  is  of  course  no  royalty 
to  be  paid. 

If  any  further  information  on  the  subject,  in  my  power,  is  desired,  I 

shall  be  happy  to  communicate  it. 

Very  truly  yours, 

James  B.  Francis. 

Lowell,  Mass.,  July  16th,  1885. 


*  Characteristic  specimens  cut  from  the  above  were  shown  at  the  National  Exposition  of 
Railway  Appliances,  held  at  Chicago,  in  May  and  June,  1883,  and  are  now  in  the  Civil  Engi- 
neers' Museum  of  the  University  of  Illinois,  at  Champaign,  111. 
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APPENDIX  No.  3. 

Ktanizing  on  the  Eastern  Railroad. 

By  H.  Bissell,    M.  Am.  Soc.  C.  E. 
O.  Chanute, 

Cliairman  Com.  Preservation  of  Timber,  Am.  Soc.  C.  Ertgrs. 

Sir, — The  following  is  a  condensed  statement  of  the  Eastern  Railroad 
Co.'s  experiments  for  wood  preserving: 

About  1846  arrangements  were  made  for  Kyanizing  track  timber. 
The  apparatus  consisted  of  an  iron  cylinder  40  feet  long,  4  feet  in 
diameter;  two  tanks,  each  of  same  capacity  as  cylinder,  one  above  and 
one  below  the  cylinder  ;  a  steam  boiler,  with  pumps,  etc.  The  cylinder 
was  filled  with  timber,  closed  and  filled  with  steam,  then  allowed  to 
stand  for  20  minutes.  This  was  supposed  to  take  the  sap  out  of  the 
wood.  The  cylinder  was  then  filled  with  the  liquor  from  the  upper 
tank,  the  liquor  puniped  in  to  a  pressure  of  150  lbs.  per  square  inch. 
This  was  allowed  to  stand  for  20  minutes,  sometimes  longer,  the  liquor 
then  drawn  off  into  the  lower  tank,  and  the  timber  removed.  The 
solution  used  consisted  of  corrosive  sublimate  dissolved  in  hot  water  in 
the  proportion  of  1  pound  to  30  gallons.  There  is  no  record  of  how  much 
corrosive  sublimate  was  absorbed  per  1  000  ft.  The  boiler  and  tanks  were 
protected  from  the  action  of  the  liquor  by  applying  hot  asphaltum  varnish. 
The  corrosive  sublimate  cost  $1.50  per  lb.  The  process  was  abandoned 
after  a  few  years'  trial,  partly  on  account  of  cost,  which  averaged  7£ 
cents  per  cubic  foot,  and  partly  on  account  of  changing  from  the  method 
of  laying  rails  on  longitudinal  timbers  to  using  ties  as  at  present.  The 
timber  treated  was  spruce  and  oak.  Reports  of  results  are  vague  and 
various.  Nearly  all  admit  that  the  process  was  beneficial,  and  it  is 
claimed  that  some  spruce  timber  lasted  twenty  years. 

In  1879-80  works  were  erected  at  Portsmouth  with  the  intention  of 
using  the  Bethell  process  of  creosoting.  A  building  was  erected  contain- 
ing two  cylinders,  each  6 \  feet  in  diameter,  one  66  and  one  84  feet  long, 
steam  engine,  air  and  liquor  pumps  and  fixtures,  the  whole  costing  more 
than  $12  000.  The  works  were  burned  in  April,  1880,  when  ready  for 
starting.  Owing  to  the  scarcity  and  very  high  price  of  creosote  oil,  it 
was  decided  not  to  rebuild  works  for  creosoting,  but  to  try  Kyanizing 
instead. 

Four  tanks,  each  60  feet  long,  9£  feet  wide  and  6  feet  deep,  were 
built  of  granite  laid  in  cement,  coated  on  the  inside  with  coa^tar  applied 
hot.  These  tanks  are  covered  by  a  frame  building.  A  large  tank  of 
boiler  iron,  which  was  left  from  the  wreck  of  the  creosoting  works,  is 
used  as  a  reservoir  tank.  For  making  steam,  an  old  locomotive  boiler 
is  used.  The  tanks  are  filled  with  ties  or  timber,  which  is  kept  from 
floating  by  oak  bars  across  the  top  of  the  tank.     A  solution  of  corrosive 


302  THE   PRESERVATION    OF  TIMBER. 

sublimate  is  then  pumped  in  from  another  tank,  which  is  ready  to  be 
emptied,  or  from  the  reservoir  tank,  till  the  timber  is  covered.  When 
the  tank  is  filled,  the  liquor  is  warmed  by  blowing  steam  into  it.  The 
liquor  used  is  corrosive  sublimate,  dissolved  in  water,  in  the  proportion 
of  1  pound  to  99  pounds.  The  corrosive  sublimate  is  dissolved  in  a 
large  cask  of  boiling  water.  The  solution  in  this  cask,  which  is  very 
strong,  is  added  to  the  liquor  in  the  tanks  as  required  to  keep  it  of  the 
requisite  strength,  which  is  determined  with  a  hydrometer.  The  thick- 
ness of  the  timber  determines  the  duration  of  the  soaking;  ties  6  inches 
thick  require  one  week,  twelve-inch  timber,  two  weeks.  When  a  tank  is 
to  be  emptied,  the  liquor  is  pumped  out  before  the  timber  is  removed. 
The  iron  tank  is  given  an  occasional  coat  of  hot  coal  tar,  and  the  liquor 
has  no  effect  on  the  iron.  The  pipes  that  come  in  contact  with  the 
liquor  are  of  wood  or  rubber.  The  man  who  has  the  care  of  the  work 
has  in  a  few  cases  been  nauseated  for  a  short  time  by  inhaling  the  steam 
while  dissolving  the  corrosive  sublimate,  but  by  using  proper  care  there 
was  no  necessity  for  this.  The  men  handling  the  timber  have  never  ex- 
perienced any  injury,  and  they  are  often  needlessly  careless. 

Kyanizing  was  commenced  in  April,  1881.  To  March  1st,  1883, 
388  000  cubic  feet  of  ties,  planks  and  timber  have  been  treated,  seven- 
eighths  of  the  amount  being  ties.  The  average  amount  of  corrosive  sub- 
limate absorbed  has  been  2-/V  pounds  per  100  cubic  feet.  The  amount  varies 
greatly,  wood  of  rapid  growth,  with  a  large  proportion  of  sap,  tak- 
ing much  more  than  wood  of  slow  growth.  Seasoned  timber  not  only 
absorbs  more  liquor,  but  leaves  liquor  in  tank  weaker  than  wet  or  green 
timber.  No  tests  have  been  made  to  determine  these  differences.  The 
average  cost  of  the  corrosive  sublimate  has  been  51  cents  per  pound. 
The  cost  of  labor  varies  greatly,  as  sometimes  timber  is  taken  directly 
from  the  cars  to  the  tanks  when  first  received;  oftener  it  must  be  re- 
handled.  The  average  cost  for  material,  labor,  fuel  and  interest  on 
money  invested  in  works  and  material  is  $3  per  100  cubic  feet.  The 
process  was  begun  too  recently  to  make  any  statement  as  to  durability. 
The  wood  is  contracted  and  made  tougher,  and  is  worked  with  more 
difficulty  than  before  it  is  Kyanized. 
Truly  yours, 

H.  Bissell,  M.  M.  W.  Eastern  R.  R. 

Salem,  Mass.,  March  13th,  1883. 
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APPENDIX  No.  4. 

BURNETTIZING   ON   CENTRAL    VERMONT  RAILROAD. 

St.  Albans,  Vt.,  April  28th,  1882. 
O.  Chanute,  Esq., 

127  East  Twenty-third  street,  New  York,  iV.  Y. 

Dear  Sir, — In  reply  to  your  favor  of  the  25th  instant,  I  would  say 
that  in  1856  this  road  erected  works  for  the  purpose  of  extracting  sap 
from  wood  and  of  infusing  chemicals  for  the  purpose  of  preservation. 
It  was  in  use  some  four  years,  but  it  was  so  much  work  to  get  through 
with  such  large  quantities  of  timber  as  are  used  upon  a  railroad  that  it 
was  thought  best  to  abandon  the  work;  therefore,  the  boiler  and  fixtures 
were  removed  and  sold,  and  nothing  more  was  thought  of  the  "Bur- 
nettizing  "  process  until  some  three  years  since,  when  an  old  side  track 
was  removed,  which  had  not  been  in  use  for  several  years,  and  which 
was  nearly  covered  with  earth  and  grass;  still  the  hemlock  ties  were  then 
found  to  be  nearly  sound,  having  laid  there  for  nearly  25  years.  I  did 
not  keep  watch  of  other  prepared  timber  put  in  at  that  early  time,  and 
as  repairs  are  constantly  going  on  upon  a  railroad,  I  am  unable  to  say 
whether  there  are  any  other  similar  cases  upon  our  line  or  not,  but  there 
is  no  doubt  that  the  preservation  of  these  ties  was  due  to  the  process 
above  named. 

The  reasons  for  abandoning  the  Burnettizing  works  upon  this  road 
would  seem  to  be  that  the  officers  in  charge  at  that  time  lost  faith  in 
the  theory,  and  as  it  was  an  experiment,  they  did  not  learn  of  its  value 
until  l'ecently  discovered  in  the  manner  referred  to.  There  is  no  ques- 
tion, in  my  opinion,  regarding  the  value  of  the  process. 

Yours  very  truly, 

J.  W.  Hobart,   Gen.  Supt. 

APPENDIX  No.  5. 

Burnettizing  on  the  Boston  and  Albany  Railroad. 

12  West  Street,  Boston,  Mass.,  [ 
September  26th,  1882.      \ 
O.  Chanute,  Esq., 

Chairman  of  Committee  on  Preservation  of  Timber. 

Dear  Sir, — In  reply  to  your  circular  and  inquiries,  I  beg  to  give  you 
the  following  statement  : 

In  1860  I  constructed  an  iron  girder  deck  bridge,  to  carry  the  tracks 
of  the  Boston  and  Worcester  Railroad  (now  Boston  and  Albany)  over  the 
highway  known  as  "North  Beacon  street,"  in  the  town  of  Brighton, 
now  a  part  of  Boston,  and  about  1  500  feet  west  of  Brighton  Station. 

The  bridge  is  nearly  a  hundred  feet  long,  and  was  covered  with  Bur- 


304  THE    PRESERVATION   OF   TIMBER. 

nettized  green  spruce  ^ties,  sawed  10  inches  by  10  inches,  and  laid  10 
inches  apart. 

I  am  informed  by  the  man  who  had  charge  of  the  repairs  that  these 
ties  had  become  badly  checked,  so  as  to  be  unable  to  hold  spikes,  after 
about  nine  years'  use.  They  were  renewed  in  1869  or  1870  by  white  pine 
ties,  in  their  natural  state. 

This  second  set  of  ties  lasted  only  till  1875,  i.  e. ,  five  or  six  years. 
They  were  then  found  somewhat  decayed,  and  failed  to  hold  the  spikes, 
and  were  renewed  by  chestnut  ties  without  any  treatment.  This  third 
set  lasted  till  the  present  season,  when  they  were  again  renewed  by  un- 
treated chestnut,  that  timber  having  served  for  a  period  of  seven  years. 

I  have  no  information  as  to  the  quantity  of  zinc  chloride  injected  in 
the  first  set  of  ties.  The  work  was  done  upon  green  timber,  by  first 
withdrawing  the  sap  in  an  exhausted  boiler,  and  afterward  applying  the 
solution  of  chloride,  under  a  pressure  of  300  pounds  per  square  inch. 
The  parties  who  did  this  have  since  discontinued  the  business  for  lack  of 
patronage. 

The  traffic  over  this  bridge  has  been  large  from  the  first,  being  now 
between  fifty  and  seventy-five  trains  per  day  in  each  direction. 

I  am  told  that  the  burnettized  spruce  ties  first  used  failed  in  a  simi- 
lar manner  to  untreated  spruce,  though  only  after  a  period  of  some  nine 
years,  while  the  latter  will  fail  in  such  a  place  with  four  or  five  years'  ex- 
posure. The  failure  is  by  cracking  open  and  admitting  air  and  water, 
after  which  the  fiber  depreciates  rapidly. 

My  observation  has  led  me  to  suppose  that  Burnettizing  is  of  more 
avail  where  timber  is  covered  with  earth  than  when  exposed  to  sun  and 
air.  Such  exposure  cracks  and  opens  the  timber  just  as  soon  as  if  it  had 
not  been  Burnettized,  and  it  then  depreciates  more  rapidly  than  if  not 
so  checked. 

If  Burnettized  spruce  were  used  for  ties  in  ordinary  ballast,  spaced 
as  usual  and  subjected  to  a  traffic  as  great  as  in  the  instance  referred  to, 
it  would  wear  out  long  before  it  would  suffer  from  decay.  That  is  to  say, 
the  rails  would  crush  into  the  wrood  and  cut  the  tie  half  off,  in  much  less 
than  nine  years. 

This  was  prevented  on  the  bridge  referred  to  by  the  large  bearing 
surface  afforded  by  the  unusual  number  of  ties  per  rail,  which  were  sup- 
plied for  another  reason,  viz.,  to  make  a  bridge  floor  strong  enough  to 
carry  derailed  wheels  with  impunity,  a  practice  which  I  have  followed 
on  all  railroad  bridges  for  the  past  twenty-five  years. 

The  process  of  Burnettizing,  so  far  as  my  observation  goes,  does  not 
affect  the  hardness  of  the  timber  ;  so  that  it  is  just  about  as  well  adapted 
to  resist  a  crushing  force,  whether  Burnettized  or  not.  It  does,  how- 
ever, undoubtedly  put  off  decay ;  so  that  in  all  cases  where  timber  is 
likely  to  fail  through  decay,  and  not  by  crushing  or  wearing  out,  the 
process  will  be  of  advantage,  depending,  of  course,  on  local  prices. 


THE    PRESERVATION"   OF   TIMBER.  305 

As  far  as  I  can  learn,  the  present  management  on  this  railroad  prefers 
to  use  chestnut  without  treatment,  because  under  the  existing  circum- 
stances this  timber  is  cheaper  than  Burnettized  spruce,  and  will  resist 
decay  till  worn  out  or  crushed,  a  period  of  some  seven  years  in  this  case. 
But  for  roads  of  lighter  traffic,  or  where  the  ability  to  resist  decay  would 
be  of  more  consequence,  the  use  of  Burnettized  or  creosoted  spruce  would 
soon  increase,  if  there  were  a  larger  supply  of  spruce  in  the  market. 

There  is  no  kind  of  timber,  suitable  to  hold  spikes,  in  this  part  of 
the  country,  so  cheap  as  spruce  and  hemlock,  but  it  seems  that  this  is 
not  cheap  enough,  or  rather  that  the  chestnut  is  too  cheap  to  make  it 
worth  while  to  Burnettize  the  spruce. 

Many  railroad  companies  in  New  England,  especially  on  the  slopes 
of  the  Connecticut  Valley,  grow  their  ties  on  their  own  lands. 

Chestnut  is  found  to  produce  a  new  crop  once  in  fifteen  to  twenty 
years,  by  sprouting  from  the  old  stumps,  a  quality  possessed  by  very  few 
other  trees. 

The  railroads  along  the  seaboard  of  New  England  use  swamp  cedar 
ties.  It  is  a  soft,  corky  wood,  quite  unsuitable  for  a  heavy  traffic,  but 
serves  tolerably  for  passenger  business,  where  no  sharp  curves  are  re- 
quired. It  generally  fails  by  wearing  out,  i.  <?.,  becomes  unable  to  hold 
spikes,  which  loosen  quickly,  rather  than  failing  by  decay,  except  on 
roads  with  very  light  traffic. 

I  have  used  a  limited  quantity  of  Burnettized  spruce  for  fencing  rails 
and  boards,  and  have  found  that  it  endures  for  eight  or  ten  years,  and  is 
after  that  period  apparently  no  further  depreciated  than  untreated  spruce 
becomes  in  about  half  that  time.  I  have  no  means  of  learning  what 
quantity  of  the  zinc  chloride  was  injected  per  foot. 

As  we  are  fast  approaching  a  time  when  good  timber  will  be  a  scarce 
article,  my  opinion  is  that  there  will  be  a  growing  demand  for  such  pre- 
parations as  are  found  best  adapted  to  prolong  its  life,  and  that  it  will  be 
an  easier  matter  to  so  treat  timber  as  to  increase  its  power  to  resist  decay 
than  to  strengthen  its  fiber  against  wear,  while  the  latter  item  is  in  many 
cases  quite  as  important  as  the  former.  The  most  efficient  remedy  for 
this  trouble  is  undoubtedly  to  be  found  in  providing  more  bearing  sur- 
face for  the  loads.  This  may  be  done  where  timber  is  comparatively 
plenty  by  supjilying  a  greater  quantity  of  timber  per  mile,  or  in  other 
words  by  applying  the  ties  at  more  frequent  intervals. 

Where  timber  is  more  scarce  the  bearing  surface  may  be  increased 
by  applying  broad  plates  of  iron  at  every  tie,  as  is  done  in  England 
with  the  reversible  rails,  or  by  more  simple  devices  adapted  to  the  flat- 
bottomed  rail,  by  blocks  of  hard  wood  or  iron  plates.  Such  plates 
would  probably  last  much  longer  than  the  timber,  and  serve  for  several 
sets  of  ties  in  succession.  Moreover,  they  contribute  much  lateral 
support  to  the  spikes,  if  spike  holes  are  provided  in  them. 

Yours  very  truly,         Edwd.  S.  Phllbrick. 
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APPENDIX  No.  6. 

German  Experience  vara  Preserved  Railroad  Tees. 

[Translated  for  the  Railroad  Gazette  from  an  article  in  the  Organ  fur  die  Fortschritte  des 
Eisenbahnwesens  by  Privy  Councillor  Funk,  of  the  Cologne  and  Minden  Railroad.] 

With  the  increase  in  the  employment  of  iron  as  a  material  for  the 
superstructure  of  the  railroad  in  modern  times,  it  might  appear  that 
any  discussion  as  to  the  durability  of  wooden  railroad  ties  and  methods 
of  increasing  it  had  lost  much  of  its  interest.  But  -when  we  come  to 
consider  that  even  where  the  results  of  experiments  with  the  iron  super- 
structure Lave  been  most  successful,  the  roads  will  still  be  constrained 
to  employ  wooden  ties  for  a  long  series  of  years ;  that  more  than 
half  of  the  sixty  millions  wooden  railroad  ties  that  have  been  laid  on 
the  railroads  of  Germany  and  Austro-Hungary  have  been  subjected  to 
no  treatment  to  prolong  their  life  ;  and  that  millions  of  these  rapidly 
deteriorating  ties  are  annually  replaced  by  others  equally  devoid  of  any 
means  of  preservation,  while  at  the  same  time  positive  practical  experi- 
ence among  the  members  of  the  German  Eailroad  Union,  extending 
over  a  period  of  thirty  years,  shows  that  several  millions  may  be  annu- 
ally saved  in  the  renewals  of  ties  alone,  we  should  have  sufficient  excuse 
for  the  occupation  of  valuable  space  in  such  a  discussion.  To  these  rea- 
sons must  be  added  the  urgent  necessity  existing  in  modern  times  for 
the  utmost  economy  in  railroad  matters,  and  that  those  roads  doing  the 
least  business  will  be  most  benefited  by  it,  as  in  their  cases  the  destruc- 
tion of  ties  is  caused  by  rotting  more  than  mechanical  wear.  I  am  still 
further  impressed  with  the  utility  of  this  subject  by  the  results  of  my 
thirty-six  years'  experience  in  the  construction  and  maintenance  of  the 
Royal  Hanoverian  and  the  Cologne  and  Minden  Railroads.  On  both 
of  those  roads  the  importance  of  finding  some  method  of  prolonging* 
the  life  of  ties  has  been  fully  recognized,  and  since  1847  on  one  and 
1849  on  the  other  road,  for  periods  of  32  and  30  years  respectively,  such 
methods  of  adding  to  the  durability  of  the  ties  have  been  extensively 
employed.  Then  again,  at  the  technical  conventions  of  the  Railroad 
Union,  held  in  1865  in  Dresden,  and  in  1878  in  Stuttgart,  where  this 
was  one  of  the  questions  submitted  for  discussion,  I  was  appointed 
reporter,  and  for  the  last  few  years  I  have  had  frequent  inquiries  from 
different  parties  respecting  my  experience  in  this  matter  on  the  Hano- 
verian and  the  Cologne  and  Minden  Railroads,  with  a  view  to  the 
introduction  on  other  roads  of  the  methods  of  impregnation  practiced 
here. 

We  cannot  be  expected  here  to  take  into  consideration,  or  even  ex- 
press an  opinion  on,  the  many  different  propositions  and  experiments 
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that  have  been  made  with  a  view  to  increasing  the  durability  of  wood  ; 
we  shall  confine  ourselves  rather  to  a  discussion  of  such  as  have  been 
most  successful.  But  in  order  to  comprehend  and  obtain  a  correct  view 
of  them,  it  is  necessary  to  precede  their  description  with  a  few  general 
remarks. 

I — General  Remarks. 

Wood,  as  is  probably  known  to  our  readers,  is  made  up  of  the  woody 
fibers  proper  (cellulose)  and  the  juices  or  sap  that  fill  the  interstices 
between  them.  The  first  are  almost  alike  in  composition  in  all  woods, 
the  chemical  constituents  being  carbon  52.4  per  cent.,  oxygen  41.9  per 
cent.,  hydrogen  5.7  per  cent.;  the  sap  differs  in  each  kind  of  wood. 
The  sap  of  oak  is  particularly  rich  in  tannin,  that  of  beech  in  vegetable 
albumen,  and  that  of  the  different  species  of  pine  in  resin.  In  all  of 
them  we  find,  in  addition  to  the  above,  gum,  vegetable  glue,  gallic  acid, 
sugar,  etc.,  in  solution. 

The  pure  wood-fiber  is  not  particularly  liable  to  decomposition  ;  this 
is  generally  caused  by  the  sap.  This  substance  shows,  like  all  organic 
bodies,  a  strong  tendency  to  decompose,  i.  e.,  to  resolve  itself  into  such 
combinations  as  are  less  liable  to  attack  by  putrefaction. 

This  latter  stage  is  the  result  of  putrefactive  fermentation,  induced 
by  the  oxygen  of  the  atmosphere,  and,  when  the  sap  is  in  this  condition, 
the  wood-fibers  are  affected  by  it. 

The  sap  of  felled  wood  goes  over  into  putrefactive  fermentation  only 
under  the  following  conditions  : 

1.  When  the  access  of  air  is  permitted. 

2.  When  the  wood  is  in  a  damp  state. 

3.  Under  the  influence  of  a  moderate  temperature,  ranging,  say, 
from  328°  to  122°  F. 

If  both  air  and  oxygen  are  excluded  from  the  wood,  putrefactive 
fermentation  cannot  set  in,  and  on  this  principle  is  founded  the  preser- 
vation of  food  in  air-tight  cans,  and  the  almost  endless  durability  of 
wood  under  water.  The  fact  of  moisture  being  requisite  to  a  state  of 
putrefaction  is  proved  by  the  preservation  of  many  substances  by  dry- 
ing and  kilning,  and  the  great  durability  of  the  thoroughly  dried  wood 
in  old  buildings  that  are  protected  from  any  moisture.  In  the  same 
manner  we  prove  that  warmth  is  necessary  to  putrefaction,  by  the  dis- 
covery in  the  Siberian  ice-fields  of  perfectly  preserved  mammoths,  while, 
on  the  other  hand,  we  know  that  at  a  temperature  above  122°  we  com- 
mence the  kiln-drying  process. 

We  may,  therefore,  conclude  that  on  the  putrefactive  fermentation  of 
the  sap,  consequent  on  the  presence  of  these  three  factors,  depends  the 
rotting  of  the  wood,  and  the  means  of  increasing  its  durability  are  con- 
sequently directed  chiefly  toward  their  frustration. 
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II — Methods  of  Increasing  the  Durability  of  Wood  as  now 

Practiced. 

Firstly. — The  sap  must,  as  far  as  possible,  be  removed  from  the 
wood,  and  this  expulsion,  or  rather  diminution,  of  sap  present,  is 
effected  either — 

a.  By  felling  in  winter  time,  when  there  is  least  sap  in  the  trees. 

b.  By  girdling  and  barking  the  standing  trees,  as  practiced  in  some 
districts. 

c.  By  drying  in  the  open  air  or  in  heated  rooms. 

d.  By  extraction  by  means  of  water. 

e.  By  steaming  in  a  closed  vessel. 

Secondly. — Such  sap  as  may  be  left  in  the  wood  must  be  protected 
from  putrefaction  by  preventing  an  occurrence  of  the  conditions  we 
have  described  above.     This  may  be  effected  by— 

a.  Exclusion  of  air  and  moisture  by  painting  with  oil,  tar,  etc.,  or 
by  nailing  tin  or  felt  paper  over  every  part  where  the  cross  grain  is 
exposed. 

b.  Kemoval  of  the  moisture  from  wood  by  charring,  which  at  the 
same  time  coagulates  the  albuminoids  in  the  wood  and  forms  a  charred 
outer  surface,  through  which  substances  favorable  to  putrefaction  from 
the  outside  find  great  difficulty  in  penetrating. 

c.  Through  the  infiltration  into  the  wood  of,  or  its  impregnation  with, 
antiseptic  fluids,  by  means  of  which  putrefactive  fermentation  will  be 
prevented,  no  matter  how  favorable  to  such  a  process  the  condition  of 
the  wood  may  be. 

Ill — Modern  Methods  of  Preserving  Wood. 

The  latest  methods  of  wood  preserving  are  founded  on  infiltration  or 
impregnation  by  antiseptics,  and  among  those  best  known  we  reckon : 
(1)  salts,  green  vitriol  (sulphate  of  iron),  blue  vitriol  (sulphate  of  cop- 
per), corrosive  sublimate  (bi-chloride  of  mercury),  chloride  of  zinc, 
common  salt  (chloride  of  sodium),  and  potash  (carbonate  of  potassa);  in 
addition  to  these,  we  find  used  certain  volatile  oils,  resins,  aromatic  sub- 
stances, tannic  acid,  and,  lastly,  the  product  of  the  dry  distillation  of 
vegetable  substances,  containing  principally  pyroligneous  acid  and  creo- 
sote. 

The  actual  effects  of  these  different  substances  are  still  comparatively 
unknown.  Some  are  supposed  by  coagulating  the  albumen  to  secure  it 
against  putrefaction;  others  combine  with  the  vegetable  glue  and  form 
insoluble  compounds  incapable  of  fermentation;  while  others  appear  to 
prevent  putrefactive  fermentation  by  their  simple  presence. 

Of  the  many  different  experiments  that  have  been  made  with  the 
substances  just  mentioned,  either  separate  or  combined,  with  a  view  to 
increasing  the  durability  of  wood,  after  long  years  of  experience  only 
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four  have  acquired  any  practical  importance.     These  are  the  impregna- 
tion of  wood  with  — 

1.  Sulphate  of  copper  (blue  vitriol). 

2.  Corrosive  sublimate. 

3.  Chloride  of  zinc. 

4.  Creosote. 

Experiments  with  the  other  methods  have  been  quite  abandoned, 
partly  because  the  results  were  not  satisfactory,  and  partly  because  the 
same  effects  were  obtainable  at  less  expense.  The  Boucherie  process, 
so  much  used  in  France,  which  consisted  of  infiltration  of  the  antiseptic 
fluid,  generally  sulphate  of  copper,  into  the  wood  of  the  tree  while 
standing,  thus  forcing  out  the  sap,  has  found  few  friends  in  Germany 
and  Austria,  and  is  now  entirely  abandoned  there.  The  process  was 
rendered  still  more  difficult  by  the  fact  of  its  being  only  applicable  at  a 
certain  time  and  in  a  particular  place;  it  was  expensive,  and  the  results 
not  so  favorable  as  with  impregnation. 

The  system  of  soaking  the  wood  in  a  warm  or  cold  antiseptic  solution, 
or  even  boiling  therein,  has  in  like  manner  proved  unsatisfactory,  com- 
pared with  impregnation,  because  the  solution  cannot  permeate  the 
wood  thoroughly. 

We  may  refer  also  to  the  process  of  steeping  in  corrosive  sublimate 
solution,  as  practiced  almost  exclusively  in  England  from  1838  until 
lately.  It  is  now  almost  entirely  given  up.  Nor  has  it  been  widely 
adopted  on  the  Continent,  although  effective,  for  the  reason  that  not 
only  is  it  a  very  costly  process,  but  it  is  likewise  very  injurious  to  the 
health  of  those  who  have  to  conduct  it. 

The  impregnation  of  wood  with  the  three  above-mentioned  and  most 
used  substances,  sulphate  of  copper,  chloride  of  zinc  and  creosote,  is 
now  accomplished  universally  in  a  closed  tank,  under  a  rjowerful  press- 
ure of  from  7  to  10  atmospheres,  which  insures  the  greatest  possible 
penetration  of  the  antiseptic  fluid  into  the  pores  of  the  wood.  To  aid 
and  facilitate  this  penetration,  and  also  to  reduce  the  sap  as  much  as 
possible,  the  wood  is  either  previously  highly  dried,  in  creosoting,  or 
thoroughly  steamed  in  the  impregnating  tank,  where  chloride  of  zinc  or 
sulphate  of  copper  is  employed.  In  the  latter  case  the  air  is  pumped 
out  of  the  tank,  as  far  as  is  possible,  and  the  dissolved  sap  is  thereby 
drawn  out  from  the  wood,  to  be  draAvn  off'  by  a  proper  discharge  tap. 
If  the  impregnating  fluid  is  then  allowed  to  run  into  the  tank  it  pene- 
trates very  readily,  and  under  a  powerful  pressure,  kept  up  for  several 
hours,  will  permeate  the  wood  from  end  to  end.  * 

*Dr.  Wohler,  of  Gdttingen,  undertook  the  analysis  of  some  oak  ties  that  bad  been  im- 
pregnated with  chloride  of  zinc  on  the  Hanoverian  railroads  under  a  pressure  of  eight 
atmospheres.  In  the  innermost  layer  of  the  wood  he  found  the  chloride.  This  proves  that 
if  the  solution  had  reached  the  innermost  portion  of  the  timber  by  simple  impregnation 
the  saturation  would  have  been  still  more  complete  had  the  process  been  preceded  by 
steaming. 
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Just  as  the  process  of  infiltration  with  antiseptics  was  first  invented 
and  practiced  by  a  Frenchman,  Boucherie,  so  it  was  later  with  the  pro- 
cess of  impregnation,  which  was  discovered  by  Breant  in  1831  and 
patented  by  him  in  1838,  but  he  forced  the  solution  into  the  wood  by 
simple  atmospheric  pressure  instead  of  putting  on  a  direct  mechanical 
pressure  as  now  practiced. 

The  Englishmen,  Bethell  aud  Payen,  secured  a  patent  in  1840  on  the 
process  of  impregnating  wood  with  oil  of  tar  and  other  bituminous 
substances  containing  creosote,  by  the  application  of  a  powerful  pres- 
sure directly  upon  the  impregnating  fluid,  after  the  wood  has  been,  as 
far  as  possible,  freed  from  air.  The  Bethell  process  of  creosoting  con- 
sists, consequently,  of  the  following  operations  : 

1.  Thorough  drying  or  steaming. 

2.  Removal  of  the  air  from  the  wood  by  the  exhaustion  of  the  im- 
pregnating tank. 

3.  Heating  the  liquid  to  a  temperature  100°  to  125°  F.  before  admit- 
ting it  to  the  tank,  in  order  to  render  it  sufficiently  fluid. 

4.  Admitting  the  fluid  and  driving  it  into  the  wood  by  a  pressure 
of  from  7  to  10  atmospheres,  maintained  for  6  or  7  hours. 

Impregnation  with  chloride  of  zinc  was  first  proposed  in  1838  by  W. 
Burnett,  in  England,  and  there  patented  by  him.  At  first,  the  process 
was  confined  to  a  simple  steeping  in  the  solution  for  21  days,  but  this 
was  ultimately  abandoned  for  impregnation  under  pressure  in  a  closed 
tank.  The  process  met  with  little  favor  at  first,  better  results  being 
attributed  to  the  use  of  sulphate  of  copper  (blue  vitriol).  As  soon,  how- 
ever, as  it  came  to  be  considered  that  while  the  use  of  blue  vitriol 
required  costly  copper  tauks,  iron  would  do  for  the  chloride,  and  that 
in  addition  the  latter  was  by  far  the  cheaper  of  the  two,  it  gradually 
grew  into  popularity.  From  England  the  process  was  carried  to 
Bremen  by  the  shipbuilder  Wendt  in  1846,  and  at  first  the  telegraph 
posts  of  the  line  between  Bremen  and  Bremerhaven  were  ti'eated  with 
the  chloride.  In  1847,  as  a  further  experiment,  some  6  000  ties  of  the 
Hanover  and  Bremen  Railroad,  and  soon  afterward  the  timbers  of  the 
bridge  over  the  Elbe,  at  Wittenberg,  were  subjected  to  the  process. 

Since  1851  chloride  of  zinc  has  been  used  exclusively  on  the  Hano- 
verian railroads,  and  from  a  little  later  date  on  the  Brunswick  lines;  and 
so  it  gradually  spread  over  Germany,  until  at  the  present  time  in  Austria 
and  Germany  it  is  employed  by  twenty  different  railroad  managements. 

The  process  consists  in  the  following  operations : 

1.  Steaming  the  ties  from  one  to  three  hours,  at  a  steam  pressure  of 
three  to  four  atmospheres,  for  the  extraction  of  the  sap,  assisted  by 
running  off  the  extracted  sap  and  condensed  steam  at  intervals  of  thirty 
minutes. 

2,  The  air  in  the  tank  is  gradually  exhausted  during  one  to  three 
hours,  until  a  vacuum  of  20  to  24  inches  mercurial  column  has  been 
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obtained,  this  to  insure  a  more  complete  extraction  of  the  sap  from  the 
wood  and  a  more  thorough  penetration  of  the  impregnating  iluid. 

3.  Admission  of  the  impregnating  fluid  into  the  tank,  and  absorption 
by  and  forcing  into  the  wood  at  a  pressure  of  seven  to  ten  atmospheres, 
maintained  for  three  or  four  hours. 

The  impregnating  fluid  consists  of  chloride  of  zinc  (metallic  zinc 
dissolved  in  muriatic  acid),  containing  from  28  to  30  per  cent,  of  zinc 
(specific  gravity  1.80  to  1.85),  and  diluted  with  thirty  to  sixty  parts  by 
volume  of  water  to  one  of  chloride  of  zinc.  This  dilution,  sixty  volumes 
of  water,  is  recommended  by  Burnett,  and  experiments  have  proved  that 
greater  success  attends  the  use  of  weak  solutions  than  where  the  stronger 
are  used.  In  Germany  the  chloride  is  generally  dissolved  in  fifty  times 
its  volume  of  water. 

Blue  vitriol  (sulphate  of  copper)  is  still  used  to  a  considerable  extent 
in  Germany  for  the  impregnation  of  ties.  In  most  cases  this  is  not 
effected  under  pressure  after  a  previous  steaming  and  extraction  of  the 
sap  from  the  wood,  but  only  by  steeping  the  ties  or  boiling  them  in  the 
impregnating  fluid.  This  may  account  for  the  very  various,  and  in  part 
very  unfavorable,  opinions  expressed  respecting  impregnation  with  blue 
vitriol,  which  must  be  attributed  more  to  the  methods  of  impregnation 
than  to  the  substance  employed. 

IV — Cost  or  Impkegnation. 

In  considering  the  question,  whether  it  is  more  advantageous  to  im- 
pregnate the  ties  before  using  them,  or  to  use  them  in  an  unprepared  condi- 
tion, the  cost  of  impregnation  is  of  decisive  importance,  as  the  increase 
of  durability  attained  by  impregnation  must  bear  proper  proportion  to 
the  increased  cost  of  the  ties  that  have  been  subjected  to  this  process. 
The  expenses  attached  to  impregnation  must  include,  not  only  the  cost 
of  material  and  labor,  but  the  interest  payable  and  the  addition  to  the 
sinking  fund  necessitated  by  the  cost  of  erecting  the  impregnating 
works,  and  also  the  extra  expense  of  transportation.  There  is  no  doubt 
that  the  outlay  attached  to  the  establishment  of  works  for  impregnating 
under  pressure  has  frequently  prevented  railroad  administrations  from 
using  this  process. 

Materials. — The  materials  employed  vary  considerably  in  price,  and 
their  cost  depends  also,  to  a  great  extent,  on  the  amount  of  water  that 
is  used  in  making  the  solution  of  mineral  salt.  Chloride  of  zinc  con- 
taining 28  per  cent,  of  the  metal  costs  from  $1.55  to  $2.21  per  100  lbs. 
The  degree  of  dilution  recommended  by  Burnett  is  1  part  by  volume  of 
the  chloride  to  60  parts  of  water.  This,  or  a  similar  proportion,  appears 
to  be  more  commendable  than  the  strong  solution  of  1  in  30  in  use  on 
some  lines — the  Brunswick  Grand  Ducal  Bailroad,  for  instance.  When 
we  impregnate  under  a  pressure  of  7  to  8  atmospheres,  we  find  that  oak 
ties  containing  3.5  cubic  feet  of  wood  absorb  an  average  of  0.35  cubic 
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feet ;  beech  ties  of  like  size,  0 .  68  cubic  feet ;  and  pine  ties,  0 .  70  cubic 
feet  of  the  impregnating  fluid. 

Blue  vitriol  costs  $7.70  to  $10  per  100  pounds,  and,  like  the  chloride, 
is  used  in  solutions  of  varied  strength,  but  in  most  cases  with  sixty 
parts  by  weight  of  water.  The  quantity  absorbed  would,  with  suitable 
wood  and  an  equal  pressure,  be  about  the  same  as  is  given  for  chloride 
of  zinc;  but  we  must  take  into  account  that  many  roads  using  the  blue 
vitriol  only  steep  or  boil  their  ties;  the  remainder  employ  almost  exclus- 
ively a  low  pressure  of  one  and  a  half  atmospheres,  equal  to  that  naturally 
exercised  by  a  column  of  water  39  to  40  feet  in  height. 

Creosote  obtained  from  Bethell,  of  London,  costs  $1.55  to  $1.77;  that 
manufactured  in  Germany  by  Bronner,  of  Frankfort-on-the-Main,  $1.09 
to  $1.32  per  100  pounds.  This  creosote  consists  chiefly  of  coal-gas  tar, 
which  is  distilled  a  second  time,  to  render  it  more  fluid  under  the  influ- 
ence of  heat,  by  removing  all  the  small  coaly  particles.  Bet-hell's  prepa- 
ration is  supposed  to  contain  from  1  to  2  per  cent,  of  creosote,  but  care- 
ful analysis  showed  that  for  the  most  part  it  contained  no  trace  of  that 
substance,  and  Bethell  explained  later  that  its  presence  was  not  essential 
to  success. 

The  process  still  retains  the  name  of  creosoting,  although  of  late  the 
high-priced  material  imported  from  England  has  not  been  used. 

With  the  cost  of  material  must  be  reckoned  the  outlay  for  coal,  oil, 
red  lead,  etc.,  used  for  the  engines  and  boilers  employed  in  impregnat- 
ing, the  prices  of  which  are  well  known.  The  proportion  per  tie  will 
depend  on  whether  the  engine  serves  one  or  more  impregnating  tanks. 

The  cost  of  labor  is  made  up  chiefly  of  the  expense  of  handling  the 
ties  at  the  tanks  and  running  the  engine.  The  outlay  for  this  purpose 
will  depend  on  the  perfection  of  the  labor-saving  contrivances.  The 
most  economical  arrangement  as  yet  devised  is  that  in  which  the  ties  are 
loaded  cylindrically  on  iron  cars  that  can  be  run  into  the  tank  and  out 
again  on  a  track.  This  is  effected  by  having  one  end  of  the  tank  remov- 
able and  fastened  by  screw-bolts.  The  expense  of  interest  and  sinking 
funds  for  the  capital  invested  depends  on  the  amount  of  such  capital 
required,  and  also  on  the  number  of  ties  that  require  impregnating. 
The  more  rapidly  the  process  of  impregnation  is  carried  on,  and  the 
greater  the  number  of  ties  to  be  impregnated,  the  less  will  be  the  pro- 
portion of  expense  to  each  tie. 

The  total  cost  of  establishing  an  old-fashioned  impregnating  estab- 
lishment for  chloride  of  zinc  on  the  Hanoverian  railroads,  with  two 
impregnating  tanks  of  32  feet  8  inches  in  length  and  nearly  6  feet 
diameter,  constructed  to  stand  a  pressure  of  eight  atmospheres,  with  the 
building,  steam  engine,  air  and  force  pumps,  reservoirs  and  cars  to  run 
into  the  tanks,  but  without  the  site  or  side  tracks,  was  about  $8  000. 
An  earlier  constructed  apparatus,  at  the  Minden  station,  built  for  creo- 
soting, but  now  used  for  chloride  of  zinc,  cost  $19  600.     It  has  been  in 
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constant  use  since  1849  without  requiring  any  considerable  repairs,  and 
in  1874  was  removed  to  the  neighboring  depot  of  Porta,  on  the  Weser. 
The  impregnating  apparatus  at  Brunswick,  with  two  tanks,  cost  S13  500. 
In  the  facts  above  presented  we  have  an  explanation  of  the  wide 
difference  in  the  cost  of  impregnating  railroad  ties  according  to  the 
different  systems.  This  cost  averages,  according  to  figures  furnished  by 
the  German  and  Austrian  railroad  administrations,  for  each  tie,  as 
follows  : 
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Impregnation  with  chloride  of  zinc  is  therefore  by  far  the  cheapest 
process,  costing  only  one-half  to  one-fourth  as  much  as  creosoting,  its 
most  successful  competitor. 

V — Results  of  Impregnation. 

The  most  interesting  and  important  question  with  regard  to  the  im- 
pregnation of  ties  concerns  the  results. 

In  consequence  of  the  utter  want  of  experience,  definite  information 
on  the  subject  could  only  be  obtained  by  careful  observation  and  record. 
This  was  rendered  extremely  difficult  by  the  many  different  factors 
derived  from  the  nature  of  the  wood,  and  the  circumstances  in  which  it 
was  used,  that  had  to  be  taken  into  consideration.  "Whether  the  timber 
was  grown  on  light  or  heavy  soil,  whether  the  ties  were  laid  in  clean  and 
porous,  or  in  clayey  and  impermeable  ballast  ;  whether  the  upper 
surface  is  exposed  to  sun  and  air,  or  whether  it  is  covered  with  ballast ; 
whether  the  ties  were  first  dried,  or  whether  they  were  impregnated  in  a 
green  condition,  etc.,  all  must  exercise  great  influence  on  our  question. 
All  these  circumstances  received,  when  the  observations  were  first  under- 
taken, very  little  notice,  as  experience  in  the  results  of  impregnation 
was  entirely  wanting,  and  it  was  therefore  necessary  to  direct  particular 
attention  to  them. 
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The  statistics  contained  in  the  reports  of  the  transactions  of  the 
technical  conventions  of  the  German  Railroad  Union,  held  in  Dresden 
in  1865,  in  Munich  in  1868,  in  Dusseldorf  in  1874,  and  in  Stuttgart  in 
1878,  are  unfortunately  not  so  complete  as  might  be  wished,  although 
the  Dusseldorf  meeting  considered  them  sufficient  to  justify  the  follow- 
ing deductions  : 

"  By  means  of  impregnation  a  longer  life  is  secured  to  the  ties.  The 
substances  best  adapted  for  this  purpose  are  chloride  of  zinc  and  such 
as  contain  creosote.  Blue  vitriol  and  corrosive  sublimate,  in  conse- 
quence of  their  higher  cost  and  the  difficulty  of  employing  them,  can 
only  be  considered  as  of  secondary  value." 

At  the  Stuttgart  technical  convention  it  was  ascertained  that  in  1877 
the  ties  on  40  railroads  in  the  German  Railroad  Union  were  impregnated, 
while  in  1868  the  process  was  only  in  vogue  on  28;  of  these  40  roads,  5 
used  blue  vitriol,  8  corrosive  sublimate,  13  creosote,  20  chloride  of  zinc, 
and  5  a  mixture  of  chloride  of  zinc  and  creosote.  To  understand  these 
figures  it  is  necessary  to  state  that  on  several  roads  more  than  one  system 
of  impregnation  is  employed. 

According  to  the  unanimous  ojoiuion  expressed  by  the  roads  taking 
part  in  the  Stuttgart  convention  that  have  used  any  one  of  these  systems 
of  impregnation,  the  success  of  the  process  is  indisputable,  and  none  of 
these  administrations  have  any  idea  of  abandoning  it. 

All  that  is  left  for  us  to  do  is  to  choose  the  method  that  is  most 
advantageous  from  a  financial  point  of  view,  and  in  this  respect  the  above- 
mentioned  convention  expressed  itself  as  follows: 

"As  the  experience  of  those  railroads  that  have  for  from  25  to  26 
years  impregnated  their  ties  with  chloride  of  zinc  under  pressure  after 
steaming  and  abstracting  the  sap  (Hanover  railroads,  Brunswick  rail- 
roads and  others)  has  been  very  satisfactory,  and  as  this  system  costs 
only  one-half  to  one-third  as  much  as  impregnation  with  creosote,  or 
corrosive  sublimate,  the  majority  of  railroads  have  adopted  the  chloride 
of  zinc  process." 

In  sjDite  of  these  favorable  expressions  of  the  latest  technical  con- 
vention, there  still  remain  in  Germany  and  Austria  some  57  roads  which 
do  not  impregnate  their  ties.  We  will,  therefore,  in  tue  accompanying 
tables  compare,  according  to  the  latest  and  most  trustworthy  results  of 
the  experience  of  the  German  Railroad  Union,  the  durability  of  unim- 
pregnated  with  that  of  impregnated  ties,  which  will  be  found  to  support 
the  theory  that  the  impregnation  of  railroad  ties  is  of  financial  import- 
ance. 
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TABLE  A. 

Comparative  Durability  of  Unimpregnated  and  Impregnated  Oak  Ties. 

The  number  of  ties  changed,  expressed  in  percentage  of  the  original 
laid,  was: 
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Average  life  of  1  334  215  unimpregnated  ties  on  12  German  railroads, 
13.  G  years. 

*These  IS  600  oak  ties  used  on  the  Rheine-Emden  Railroad  were  joint  ties  ;  the  1G1  C15 
pine  ties  in  the  following  table  were  intermediate  ties. 

t  The.  figures  in  brackets  reler  to  G  240  ties  between  Bremen  and  Sebaldsbruck. 
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TABLE  B. 

Comparative  Durability  of  Unimpregnated  and  Impregnated  Fir  Ties. 

The  number  of  ties  changed,  expressed  in  percentage  of  the  original 
number  laid,  was  : 
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Average  durability  of  882  407  unimpregnated  ties  on  6  German  rail- 
roads =7.2  years. 

Average  durability  of  831  341  ties  impregnated,  according  to  different 
systems,  on  13  German  railroads  =  14. 0  years. 
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TABLE   C. 

DuKABILITY  OF  PlNE   AND   BEECH   TlES. 

The  number  of  ties  changed,  expressed  in  percentages  of  the  original 
number  laid,  was: 
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Summary. 

From  the  statements  furnished  above,  as  well  as  from  other  sources 
of  information  respecting  the  durability  of  ties,  we  will  gather  in  con- 
cise form  the  most  important  conclusions. 

1.  The  average  life  of  unimpregnated  ties  on  the  German  and 
Austrian  railroads  has  been  as  follows,  up  to  the  present  time: 

For  oak  ties 13 . 6  years . 

"     fir       "  7.2      " 

"     pine    "  5.1      " 

"     beech"   3.0      " 

2.  The  average  life  of  ties  impregnated  in  a  rational  manner  with 
creosote  or  chloride  of  zinc,  under  a  powerful  pressure,  reaches: 

For  oak  ties 19.5  years. 

"     fir       "  14  to  16       " 

"     pine    "   8  to  10       " 

"     beech"  15  to  18       " 

3.  The  average  life  of  831  341  pine  ties  on  13  German  railroads,  im- 
pregnated on  various  systems,  is  calculated  at  14.0  years. 

4.  The  plan  of  simply  steeping  the  ties  cold  in  the  impregnating 
fluid,  or  warming  them  or  boiling  them  therein,  has  been  abandoned  by 
most  of  the  roads  formerly  practicing  it,  owing  to  its  unsatisfactory 
results,  and  the  system  of  impregnating  under  a  strong  pressure  is  being 
universally  adopted. 

5.  A  few  roads  steep  their  ties  in  corrosive  sublimate  without  pres- 
sure, and  are  satisfied  with  the  result. 

6.  The  employment  of  blue  vitriol  for  impregnation  is  being  more  and 
more  abandoned  in  favor  of  chloride  of  zinc,  because  : 

a.  The  result  is  not  so  satisfactory,  which  may  be  owing  to  the  fact 
that  only  steeping,  or  at  most  a  weak  hydrostatic  pressure,  is  employed 
for  impregnation. 

b.  Because  an  expensive  copper  tank  is  required  for  the  purpose. 

c.  Because  the  material  itself  is  almost  four  times  as  expensive  a& 
chloride  of  zinc. 

7.  The  results  of  impregnation  of  chloride  of  zinc  and  creosote  are- 
about  equal.  But  as  the  impregnation  with  creosote  costs  about  three 
times  as  much  as  with  chloride  of  zinc,  a  majority  of  the  German  rail- 
roads have  gone  over  to  the  latter. 

8.  An  idea  of  the  systems  of  impregnation  now  in  use,  compared 
with  those  employed  in  the  years  1865  and  1868,  may  be  gathered  from 
the  following  table  compiled  from  the  report  of  the  technical  convention 
held  in  Stuttgart  in  1878.     (See  Note  at  end  of  Appendix.) 

9.  In  addition  to  the  methods  of  impregnation,  we  have  other  cir- 
cumstances that  exercise  considerable  influence  on  the  durability  of  the 
ties.     Among  them  we  may  reckon  especially  the  amount  of  traffic  over 
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the  road,  the  permeability  of  the  ballast,  the  protection  of  the  ties 
against  rapid  changes  of  temperature  or  degree  of  moisture  by  covering 
them  with  a  layer  of  gravel,  and  the  extent  to  which  the  ties  had  been 
dried  before  and  after  impregnation,  and  also  before  being  laid. 

Although  we  possess  few  figures  respecting  the  influence  of  the 
above-mentioned  conditions  on  the  durability  of  ties,  we  find  that  the 
German  Eailroad  Union  collected  a  quantity  of  general  experience,  the 
result  of  which  was  the  adoption  of  the  following  conclusions,  unani- 
mously or  by  a  great  majority,  at  the  technical  convention  at  Stuttgart 
in  1878  : 

a.  The  ballast  most  favorable  to  the  durability  of  the  ties  is  that 
which  is  cleanest  and  most  free  from  earthy  particles,  that  allows  the 
water  to  run  through  it  easily,  and  is  least  affected  by  the  vicissitudes  of 
the  weather. 

b.  That  a  covering  of  clean  gravel,  which  protects  the  ties  from  the 
influence  of  the  sun's  rays,  or,  in  other  words,  from  light,  and  also  from 
the  rapid  changes  from  heat  to  cold,  and  from  wet  to  dry,  is  most  ad- 
vantageous for  the  preservation  of  the  ties. 

c.  That  a  thorough  air-drying  of  the  ties  before  laying  them  on  the 
road  has  a  favorable  effect  on  the  durability,  both  of  impregnated  and 
unimpregnated  ties. 

d.  That  ties  made  from  timber  felled  in  winter,  especially  when  they 
are  not  impregnated,  have  been  found,  after  many  years'  experience,  to 
possess  much  greater  durability  than  those  made  from  trees  felled  in  the 
summer. 

e.  That,  to  insure  successful  results,  all  ties  that  are  to  be  impreg- 
nated with  creosote  under  pressure,  or  by  steeping  in  corrosive  sublimate, 
must  be  thoroughly  air-dried  or  artificially  dried  before  impregnation, 
whereas  such  ties  as  have  been  steamed  and  deprived  of  their  sap 
previous  to  being  impregnated  in  partial  vacuo  with  chloride  of  zinc  or 
blue  vitriol  do  not  require  to  be  dried. 

While  from  the  foregoing  we  may  recognize  the  advantages  of  im- 
pregnating ties,  even  in  the  case  of  a  road  which  can  obtain  wood  at 
comparatively  low  prices,  I  will  add  a  few  calculations,  which,  although 
to  a  certain  extent  based  on  estimates,  will  show  the  great  economical 
importance  of  impregnating  railroad  ties. 

Of  the  60  000  000  ties — speaking  in  round  numbers — that  are  laid  on 
the  German  and  Austro-Hungarian  railroads,  about  25  000  000  are 
impregnated;  the  remainder  being  unimpregnated.  Of  the  latter,  some 
15  000  000  are  of  oak;  the  remainder  of  pine,  fir  and  other  soft  woods. 
According  to  the  foregoing  tables,  the  average  life  of  an  oak  railroad  tie, 
when  unimpregnated,  is  about  13.6  years;  when  impregnated,  19.5 
years.  And  the  average  life  of  fir  and  pine  ties,  unimpregnnted,  is  6.1 
years;  impregnated,  12.0  years. 

Taking  the  average  price  of  unprepared  oak  ties  at  81,  and  pine  and 
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spruce  ties  at  62^  cents,  and  supposing  the  cost  of  impregnation,  includ- 
ing interest  and  sinking  funds  for  the  capital  invested  in  the  construc- 
tion of  the  impregnating  works  and  transportation  (taking  into  consid- 
eration the  constant  spread  of  the  system  of  impregnating  with  the 
cheap  chloride  of  zinc),  to  be  about  12.5  cents  for  oak  ties,  and  for  pine 
or  spruce  ties  about  15 . 0  cents,  we  obtain  the  following  results  in  round 
numbers:  The  15  000  000  unimpregnated  oak  ties  have  cost  $15  000  000, 
and  represent,  with  their  average  life  of  13.6  years,  a  yearly  expenditure 
of  $1  102  500.  The  20  000  000  unimpregnated  fir  and  pine  ties,  at  62.5 
cents,  have  cost  $12  500  000,  and  the  necessity  of  replacing  them  every 
6 . 1  years  represents  an  annual  outlay  of  §2  047  000.  The  cost  of  main- 
taining the  unimpregnated  ties  amounts  therefore  to  $3  150  000. 

Had  they  been  properly  impregnated  the  15  000  000  oak  ties  at 
$1.12^,  including  impregnation,  would  have  cost  $16  875  000,  and, 
with  an  average  life  of  19.5  years,  would  have  entailed  a  yearly  expense 
of  $865  000  for  replacement;  while  the  20  000  000  pine  and  spruce  ties, 
at  the  rate  of  77  cents,  would  have  cost  $15  500  000,  and,  lasting  an 
average  12  years,  they  would  have  cost  annually  $1  350  000  for  replace- 
ment. 

The  cost  of  replacing  the  35  000  000  unimpregnated  ties  we  have 
shown  to  be  $3  150  000;  while,  had  they  been  impregnated,  they  would 
only  have  cost  annually  $2  215  000.  By  impregnating  those  ties  we  should, 
therefore,  have  saved  each  year  $935  000. 

Such  figures  call  loudly  enough  for  the  universal  introduction  of  the 
impregnation  of  ties,  and  require  no  further  explanation. 

There  is  but  one  thing  more  we  should  like  to  say. 

Those  who  do  not  find  the  foregoing,  which  is  the  experience  hitherto 
obtained  of  the  success  and  financial  importance  of  impregnation,  suf- 
ficiently convincing,  will  have  little  chance  of  being  speedily  convinced, 
as  the  continuance  of  statistical  observations  respecting  the  life  of  im- 
pregnated and  unimpregnated  ties  has  greatly  increased  in  difficulty, 
and  indeed  has  almost  ceasad. 

Toward  the  end  of  the  period  of  renewal  the  ties  that  were  originally 
laid  are  very  difficult  to  distinguish  from  those  that  were  replaced  later. 
A  second  period,  when  further  experience  will  be  possible,  will  only 
occur  when  the  proceeding  recommended  at  the  technical  convention  of 
1868  in  Munich,  and  confirmed  and  again  recommended  at  the  Stuttgart 
convention  in  1878,  has  been  generally  adopted  for  a  series  of  years;  it 
consists  of  driving  into  every  tie,  when  laid,  a  nail,  bearing,  impressed 
on  its  head,  the  date  of  such  laying.  We  cherish  the  hope  that  the 
number  of  roads  will  be  small  that  will  wait  for  the  results  reported  at 
the  expiration  of  the  second  period  before  being  convinced  of  the 
advantages  of  impregnation,  and  the  great  saving  in  the  maintenance  of 
railroads  effected  by  this  process. 

Note. — The  table  referred  to  was  not  in  the  translation,  but  the  in- 
formation has  been  obtained  from  another  source. 
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At  the  Technical  Convention  of  the  German  Railway  Union,  July, 
1884,  a  report  on  preserved  sleepers  was  presented,  which  was  sup- 
plementary to  a  previous  report  published  some  years  ago.  Of  the 
railways  answering  the  circular  of  inquiry  sent  out  by  the  committee, 
31  use  preserved  sleepers  now,  against  21  in  1868.  The  number  of  rail- 
ways using  each  of  the  methods  of  preservation  in  1865,  1868,  1878  and 
1881  was: 

1865.  18G8.  1878.  1884. 

Sulphate  of  copper 15  6  5  1 

Sulphate  of  iron  and  zinc 1 

Sulphate  of  barium  and  oxydul  of  iron 2 

Corrosive  sublimate 3  6  8  4 

Chloride  of  zinc 8  7  20  22 

Creosote 4  5  13  11 

Chloride  of  zinc  and  creosote  mixed . .  4  7 

Vapor  of  creosote  (Paradis'  patent) . .  . .  1 

Vapor  of  creosote  and  creosote  (Blythe's  sys- 
tem)   1  1 

Antisepticum  under  pressure ..  ..  1 

Thus  sulphate  of  copper,  which  was  the  prevailing  method  used  in 
1865,  is  now  used  by  but  1  railway;  but  the  use  of  chloride  of  zinc  has 
extended  until  it  prevails,  and,  alone  or  in  combination  with  creosote,  is 
used  by  29  out  of  48  railways  which  use  any  preservative.  Creosote 
alone,  however,  is  still  extensively  used,  though  less  so  than  in  1878. 


APPENDIX  No.  7. 

Report  of  M.  Alexander,  Esq.  ,  Roadmaster  and  Engineer  Chicago, 
Rock  Island  and  Pacific  Railway. 

Blue  Island,  III.,  March  23d,  1S82. 
H.  Riddle,  Esq., 

Pres't  C,  R.  I.  <D  P.  Ry. 

Dear  Sm, — In  reply  to  your  letter  of  March  15th,  asking  for  dates, 
etc.,  regarding  ties  that  have  been  subjected  to  different  kinds  of  treat- 
ment and  laid  in  track  on  the  C,  R.  I.  &  P.  R'y,  I  can  only  give  you  the 
results  of  two  lots  of  ties  that  have  been  treated,  one  of  which  was  Bur- 
nettized  and  the  other  creosoted. 

November,  1866,  we  laid  in  main  track  just  west  of  Englewood  about 
2  000  soft-wood  ties,  consisting  of  pine,  tamarack  and  cedar,  but  the 
greater  portion  of  them  were  hemlock.  These  ties  were  all  treated  to 
a  solution  of  chloride  of  zinc,  and  have  sustained  a  very  heavy  traffic. 
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They  are  laid  in  a  fine  gravel  ballast,  and  have  received  just  the  same 
attention  that  ties  have  on  other  parts  of  the  road. 

I  made  a  careful  examination  of  these  treated  hemlock  ties  last  sum- 
mer, and  found  at  least  75  per  cent,  of  them  still  in  the  track,  and,  in 
my  opinion,  in  such  a  state  of  preservation  that  they  will  be  service- 
able for  two  or  three  years  longer.  Some  five  or  six  of  these  ties  were 
taken  out  of  track  and  found  to  be  sound  and  solid  in  the  center,  and 
only  decayed  to  the  depth  of  £  to  $  of  an  inch  on  the  surface  and  sides. 
The  rail  has  not  worn  into  these  hemlock  ties  to  any  greater  extent  than 
would  have  occurred  with  oak,  and  they  hold  a  spike  fully  as  well  as  the 
oak  tie.  The  pine  and  cedar  ties  that  were  Burnettized  at  the  same  time 
have  worn  out  in  the  15  years'  service,  and  have  disappeared.  The 
tamarack  have  held  out  about  the  same  as  the  hemlock. 

My  experience  is  that  untreated  hemlock  ties  decay  first  in  the 
center,  or  heart,  when  the  spike  becomes  loose,  and  the  tie  crumbles; 
but  these  treated  ties  are  sound  in  the  center,  which  shows  that  where 
the  chloride  of  zinc  is  not  washed  out  the  wood  is  in  a  perfect  state  of 
preservation. 

In  1872  we  laid  in  second  track,  east  of  Washington  Heights,  about 
5  000  hemlock  ties  that  were  subjected  to  the  creosoting  process.  These 
ties,  I  do  not  believe,  were  thoroughly  treated;  they  seem  to  be  tolerably 
sound  at  the  bottom,  but  are  badly  decayed  on  the  surface,  and  the  rail 
wears  into  them  to  a  much  greater  extent  than  it  does  into  those  that 
were  treated  with  chloride  of  zinc.  There  is  probably  not  more  than 
from  30  to  50  per  cent,  of  these  creosoted  ties  now  in  track,  and  these 
will  no  doubt  all  be  taken  out  this  season. 

I  find  that  the  natural  life  of  a  hemlock  tie,  laid  in  sand  or  gravel 
ballast,  does  not  exceed  five  years;  but  if  thoroughly  treated  with  chlo- 
ride of  zinc,  I  believe  they  will  last  at  least  fifteen  years.  The  creosoting 
process,  if  thoroughly  done,  will  no  doubt  double  the  service  of  soft 
wood  ties. 

For  any  further  information  I  would  refer  you  to  M.  Lassig,  who  was 
in  the  employ  of  L.  B.  Boomer  in  1866  and  1867,  and  who  had  charge  of 
his  Burnettizing  works  at  that  time,  and  subjected  large  quantities  of 
bridge  timber  to  treatment. 

Respectfully  yours, 

(Signed)  M.  Alexander. 
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APPENDIX  No.    8. 

BuRNETTIZlNG   ON   LEHIGH   AND   SUSQUEHANNA   K.  R. 

Brooklyn,  April  24th,  1883. 
O.  Chanute,  Esq., 

Chairman  Committee  on  Preservation  of  Timber. 

Dear  Sir, — Soon  after  receiving  your  circular  asking  for  information 
regarding  "preservation  of  timber  "  I  went  to  Mauch  Cirunk,  and  call- 
ing upon  Mr.  Twining,  Roadinaster  of  the  L.  &  S.  Division  of  the  C.  R. 
R.  of  N.  J.,  he  very  kindly  accompanied  me  to  a  portion  of  his  track  in 
which  were  a  quantity  of  Burnettized  ties  which  have  been  in  the  track 
since  1867  and  1868. 

The  track  in  which  these  ties  are  laid  runs  along  the  river  bank,  and 
is  in  a  side-cutting,  in  rock  principally . 

The  ties  in  question  consist  of  maple,  beech  and  hemlock.  They 
were  mixed  indiscriminately  with  untreated  ties  at  the  time  of  laying, 
with  one,  two  or  three  in  a  place.  With  a  few  exceptions  they  have 
resisted  decay  almost  perfectly.  The  rails  have  worn  into  them  from  one- 
fourth  to  five-eighths  of  an  inch. 

The  beech  ties  that  were  treated  had  stood  well,  showing  very  little, 
if  any,  decay;  but  being  straight-grained,  they  had,  in  some  cases,  split 
through  the  heart,  beginning  at  one  end,  which  was  open  from  1  to  3 
inches,  and  extending  half  or  two-thirds  of  the  length  of  the  stick. 

The  effect  of  treatment  upon  the  hemlock  ties  appeared  to  be  the 
best  of  all.  They  were  very  hard  to  cut,  dulling  the  knife,  and  where 
cut  presenting  a  glassy  appearance.  They  were  generally  much  harder 
and,  consequently,  less  worn  by  the  rail  than  any  of  the  other  woods. 

Most  of  the  treated  ties  in  the  track  appeared  good  for  7  or  8  years- 
longer.  A  few  of  the  treated  ties  had  been  taken  out  of  the  track  and 
piled  alongside,  but  many  of  them  apparently  were  removed  unneces- 
sarily. In  nearly  all  cases  the  under  sides  of  these  ties  appeared  like 
new  timber. 

As  an  experiment,  the  value  of  the  operation  was  greatly  vitiated  by 
mixing  these  ties  with  untreated  ones,  in  such  a  manner  as  to  render  it 
difficult  to  ascertain  the  effect  of  the  treatment  in  promoting  resistance 
to  wear  under  the  rail. 

I  also  examined  some  creosoted  *  cypress  ties  which  were  laid  in  the 
track  of  the  C.  R.  R.  of  N.  J.,  near  Bound  Brook  station,  in  the  year 
1876,  several  hundred  feet  of  track  being  laid  exclusively  with  ties  thus 
treated.  They  are  sound,  very  slightly  worn,  and  will  no  doubt  serve  a 
good  purpose  for  several  years  longer,  probably  10  or  12  years. 

These  ties  can  easily  be  found  in  the  track,  both  from  their  blackened, 
appearance  and  by  the  odor. 

*  Virginia  pine. — E.  R.  A. 
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The  Burnettized  ties  can  be  picked  out  from  among  the  others  by  the 
somewhat  weather-beaten  appearance  of  the  surface,  as  well  as  from  the 
i'act  that  an  end  of  each  was  stamped  with  figures  showing  the  date  at 
which  they  were  laid  in  the  track. 

Respectfully  yours, 

L.  L.  Buck. 


APPENDIX  No.  9. 

BURNETTIZING   ON   HAVRE  DE   GRACE  BRIDGE. 

Havre  de  Grace,  March  18th,  1882. 
O.  Chanute,  Esq. 

Dear  Sir, — I  have  your  circular  of  the  15th,  in  regard  to  preserva- 
tion of  timber.  All  of  the  timber  used  in  the  first  building  of  the  Sus- 
quehanna bridge  at  this  place  was  Burnettized.  I  have  no  experience 
with  any  other  process,  and  no  experience  of  any  kind  with  treatment  of 
cross-ties.  I  give  you  copy  of  report  made  to  me  in  1866  by  the  super- 
intendent of  the  works  as  regards  the  Burnettizing  process.  "  The  pro- 
cess of  Burnettizing  is  as  follows:  The  timber  to  be  operated  on  is  loaded 
on  trucks,  run  into  cylinders  on  the  railway  track,  and  the  heads  of  the 
cylinders  are  closed  and  securely  bolted.  Then  a  vacuum  is  obtained  by 
the  air-puinp,  and  maintained  until  the  sap  and  impurities  of  the  wood 
are  extracted,  a  period  varying  from  20  minutes  to  2  hours,  according  to  the 
dimensions  and  kinds  of  timber.  At  the  expiration  of  this  time  a  diluted 
solution  of  chloride  of  zinc  is  let  in  from  the  tank  below  the  cylinders. 
This  occupies  about  15  minutes.  When  full  the  force-pump  is  applied, 
and  a  pressure  of  from  100  to  150  pounds  to  the  square  inch  is  obtained, 
and  kept  on  from  1  to  4  hours,  the  time  depending  as  before  upon  the 
dimensions  and  kind  of  timber. 

"By  the  two  (2)  cylinders  from  thirty  thousand  (30  000)  to  forty 
thousand  (40  000)  feet,  b.  m.,  of  timber  can  be  Burnettized  in  a  day. 
The  chloride  was  all  made  under  the  immediate  supervision  of  a  skilled 
agent  of  the  railroad  company  in  order  to  insure  a  reliable  article.  The 
strength  of  the  diluted  solution  used  was  one  and  twelve-one-hundredths 
(1  Tift)  pounds  of  concentrated  solution  to  one  hundred  (100)  pounds  of 
water,  or  about  eighty-five-one-hundredths  (nAr)  of  an  ounce  to  the 
cubic  foot  of  timber  prepared."  I  also  give  you  a  copy  of  letter  to  C. 
H.  Latrobe,  Esq.,  on  March  6th,  1882. 

"  I  have  yours  of  March  4th  this  evening.  The  weight  as  measured 
by  Burnettizing  is  about  8  per  cent.,  and  this  increase  remains  after 
seasoning.  The  durability,  as  against  ordinary  decay,  is  wonderfully 
increased.  I  have  about  my  place  a  large  quantity,  Burnettized  as  long 
ago  as  the  early  part  of  1866  (some  of  it  probably  a  year  or  two  earlier 
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than  that).  A  shaving  taken  off  with  a  penknife  reveals^clear,  bright 
timber.  I  think  I  can  safely  say  that  I  have  yet  to  see  the  first  piece  of 
decayed  Burnettized  timber.  The  strength,  as  against  cross-strains,  is 
reduced  at  least  10  per  cent,  (probably  more),  against  strains  of  extension 
or  compression  I  do  not  think  it  is  injuriously  affected. 

"  The  injurious  effects  were  especially  noticeable  in  the  bottom  chords, 
where,  as  is  usual  with  the  Howe  truss,  the  floor  beams  rested  on  the 
chords.  No  evidence  of  weakness  was  discerned  in  braces  or  top 
chords. 

' '  The  difference  in  the  break  of  Burnettized  and  non-Burnettized 
timber  is  such  that  I  could,  in  every  case,  and  certainly  and  speedily, 
without  considering  the  difference  in  color,  distinguish  the  one  from  the 
other. 

"  The  breaks  would  be  about  as  follows  : 

"1.  In  Burnettized  timber  it  would  be  in  an  abrupt,  ragged  line, 
nearly  directly  across  the  stick  of  timber. 

"2.  In  the  non-Burnettized  timber  it  would  be  in  a  long,  very  ragged 
line,  running  more  or  less  diagonally  across  the  stick  of  timber,  show- 
ing much  less  brittleness  of  fiber.  A  piece  of  timber  not  Burnettized 
may  break  like  number  one,  but  a  piece  of  Burnettized  timber  will  never 
break  like  number  two.  These  statements  refer  to  pine  timber  and  are 
the  results  of  very  careful  experiments  and  of  observation  extending 
over  sixteen  years." 

Yours  respectfully, 

Edward  Larkin. 


APPENDIX  No.  10. 

Description    of    Thilmany    Process. — American    Wood    Preserving 

Works. 

Defiance,  O.,  Sept.  10th,  1882. 

We  have  preserved  all  dimensions  and  all  kinds  of  timbers.  In 
Milwaukee  mostly  pine  and  oak  for  paving  blocks  and  bridges  and  build- 
ing timbers. 

In  Defiance  we  use  for  railroad  ties  all  soft  timber,  as  elm,  ash, 
maple,  sycamore,  etc.  We  preserved  all  dimensions  from  paving  blocks 
6  inches  high  and  3  or  4  inches  thick  up  to  timbers  40  feet  long,  20  x  24. 

We  prefer  green  timber  ;  dry  timber  has  to  be  steamed  much 
longer.     Only  live  and  sound  timber  can  be  preserved. 

Description  of  the  Process. 

The  timber  is  run  on  flat  cars  into  a  cylinder  6  feet  in  diameter 
and  SO  feet  in  length.  Steam  is  applied,  which  thoroughly  drives  out  the 
sap.     A  powerful  air-pump,  connected  with  the  cylinder,  is  set  in  opera- 
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tion,  for  the  double  purpose  of  extracting  the  condensed  steam  con- 
tained in  the  timber  and  of  exhausting  the  air  to  form  a  vacuum.  The 
cylinder  is  then  filled  with  a  solution  of  sulphate  of  copper  or  sulphate 
of  zinc,  and,  by  means  of  a  force-pump,  a  pressure  of  80  to  100  pounds 
to  the  square  inch  is  applied.  This  pressure  is  kept  up  until  all  the 
pores  of  the  wood  are  charged  with  the  solution. 

Now  comes  the  most  important  point  of  the  process,  namely,  to 
•change  soluble  sulphate  of  copper  or  sulphate  of  zinc  into  an  insoluble 
salt  of  sulphate  of   baryta. 

For  this  purpose,  the  boiler  is  filled  the  second  time  with  a  solution 
of  chloride  of  barium,  and  the  same  pressure  as  before  applied.  By 
means  of  this  pressure  and  chemical  affinity  between  the  sulphate  of 
copper  or  sulphate  of  zinc  and  the  chloride  of  barium,  a  chemical  com- 
bination takes  place,  forming  the  above  described  insoluble  salt  of  sul- 
phate of  baryta  and  chloride  of  copper  or  chloride  of  zinc,  which  fills 
the  interstices  of  the  fiber,  petrifying  the  pores,  while  a  part  of  the 
chloride  enters  into  a  combination  with  the  organic  substances  of  the 
fiber  of  the  wood.  The  timbers,  being  thus  thoroughly  impregnated, 
are  now  ready  for  use. 

We  have  used  a  solution  of  1J  per  cent,  blue  vitriol  and  1  per 
cent,  of  chloride  barium.  We  have  found  this  solution  (the  same  as 
used  in  Europe)  satisfactory  for  the  preservation  of  pine  and  white  oak 
timber,  but  not  sufficiently  strong  for  timbers  growing  in  a  swampy 
country,  as,  for  instance,  the  timber  near  Defiance.  It  seems  to  me  that 
this  kind  of  timber  contains  too  much  condensed  steam  (after  steaming), 
on  account  of  the  swampy  growth,  and,  therefore,  the  solution  entering 
the  pores  will  be  much  weakened.  Therefore,  we  use  now  a  2  per  cent, 
solution  of  blue  vitriol  and  1£  per  cent,  chloride  barium,  but  I  would 
recommend,  where  sulphate  of  zinc  is  used,  to  take  a  3  or  3|  per  cent, 
solution. 

The  time  occupied  is  different  and  depends  upon  the  size  of  the 
timbers.  For  railroad  ties  it  takes  12  hours;  for  larger  timbers  it  re- 
quires more  time. 

We  had  excellent  tests  for  preserved  timber  for  use  in  breweries,  as 
will  be  shown  by  the  following  letter  of  one  of  the  proprietors  of  the 
largest  brewery  in  the  United  States: 


Office  of  Philip  Best  Brewing  Company, 
Milwaukee,  Wis.,  February  18th,  1880. 


! 


Mr.  A.  E.  Barthel,  Detroit,  Mich. 

Dear  Sir, — In  answer  to  your  letter  of  February  14th,  inst.,  in  regard 
to  the  Thilmany  process  for  preserving  wood  and  timber,  I  can  but 
honestly  inform  you  that  said  process  is  a  success. 

We  have  at  our  city  several  blocks  of  streets  and  approaches  to 
bridges  paved  with  wood  thus  pres3rved,  and  find  that  after  several 
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years  of  hard  usage  the  wood  is  tougher  than  it  was  in  its  unpreserved 
state.  We  cannot  detect  any  rottenness  whatever.  Last  fall  we  put 
about  six  blocks  of  street  in  the  Fifth  and  Eighth  wards.  These  observa- 
tions influenced  our  firm  to  have  all  timbers,  heavy  joists,  planks  and 
flooring  needed  at  our  new  ice-houses,  and  for  other  purposes,  to  undergo 
the  Thilmany  process,  regardless  of  the  difference  in  cost.  Five 
years  ago  we  had  the  ceiling  at  our  South  Side  brewhouse  constructed 
of  wood  thus  impregnated,  and  find  joists  and  ceiling  floor  in  as  good  a 
condition  as  when  \n\t  up.  Heretofore  we  had  to  replace  same  ceiling 
made  of  natural  wood  almost  every  three  years,  owing  to  the  damimess 
and  cold  and  warm  vapors  produced  in  a  brewhouse.  The  wood  not 
impregnated  but  painted  went  to  a  quick  rot  and  decay. 

Hoping  this  information  will  be  to  your  satisfaction,  I  have  the 
pleasure  to  remain, 

Yours  respectfully, 

Emil  Schandein. 

Soft  timber  would  be  considerably  hardened  by  this  process. 

The  city  of  Milwaukee  has  used  prepared  timber  in  large  quanti- 
ties for  pavements, water  boxes,  etc. ,  and  the  Board  of  Public  Works  of  said 
city  could  give  valuable  information  about  this  process.  As  said  before, 
we  would  recommend  the  use  of  zinc  for  railroad  ties,  and  we  are  willing 
to  make  a  contract  with  railroad  companies  who  are  willing  to  pay  such 
a  price  (25  to  30  cents  a  tie  for  preserving),  that  a  solution  of  3£  per 
cent,  can  be  used,  to  guarantee  80  per  cent,  of  the  preserved  ties  for  a 
period  of  12  years,  and  to  give  the  necessary  security. 

O.  Thllmany. 


APPENDIX  No.  11. 

Description   of   the   Wellhouse   Process. — St.    Louis    Wood    Pre- 
serving Company. 

St.  Louis,  August  8th,  1882. 
O.  Chanute,  Esq., 

Chairman   of  Committee   on   Wood  Preserving,    American   Society   of 
Civil  Engineers. 

Dear  Sir,— Your  favor  of  June  3d,  1882,  received  and  noted. 

I  consider  wood  thoroughly  creosoted  superior  to  all  other  for  out- 
door purposes  where  the  wood  has  to  sustain  no  considerable  wear,  or 
transverse  stress,  such  as  piling,  foundation  plank  or  timber  laid  in  the 
ground. 
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Bat  the  question  is,  is  it  practical  to  thoroughly  creosote  green  or 
partially  seasoned  timber,  such  as  is  used  on  our  American  railways, 
without  injuring  the  wood  fiber,  in  preparing  same  to  receive  the  oil. 

The  treatment  of  wood,  either  with  oil  or  a  mineral  salt,  is  of  little 
value  in  my  opinion,  unless  the  material  used  is  injected  throughout 
the  Avood. 

Should  oil  be  used  and  not  be  injected  throughout  the  entire  wood 
(as  at  St.  Clair  Flats  by  the  Seely  process,  and  on  the  Chicago,  Rock 
Island  &  Pacific  Railroad,  same  process),  little  or  no  benefits  would  be 
derived;  but  had  a  mineral  salt  been  used,  and  a  sufficient  quantity  in- 
jected to  have  preserved  the  timber,  or  ties,  even  though  at  time  of 
treatment  the  solution  had  not  extended  throughout  the  entire  wood,  it 
would,  within  a  few  days,  or  short  period  of  time,  have  equalized  with 
the  moisture  throughout  the  wood,  which  would  not  be  the  case  with 
oil. 

In  my  opinion,  when  oil  is  used,  say  in  such  wood  as  cypress  (which 
when  in  condition  to  be  thoroughly  treated  will  take  from  two  (2)  to 
four  (4)  gallons  of  oil  to  the  cubic  foot),  should  a  less  amount  be  used 
than  is  necessary  to  treat  the  wood  throughout,  the  result  would  be  to 
preserve  that  portion  of  the  wood  throughout  which  the  oil  penetrated, 
leaving  the  remaining  portion  in  worse  condition  than  before  treatment. 

If  it  were  possible  to  inject  the  oil  thoroughly  throughout  the  wood, 
and  then  remove  a  portion  of  same,  it  would  answer  well;  but  it  is  im- 
possible to  treat  wood  throughout  with  oil  without  injecting  into  said 
wood  all  it  will  take. 

I  consider  that  timber  first  injected  with  a  mineral  salt,  such  as 
chloride  of  zinc,  and  subsequently  Avith  creosote,  is  superior  in  every 
respect  to  fully  creosoted  wood,  for  the  following  reasons: 

So  far  as  my  experience  goes,  it  is  impossible  to  remove  sufficient 
moisture  from  green  or  partially  seasoned  wood  to  thoroughly  creosote 
same,  without  materially  injuring  the  fiber  of  the  wood,  which,  for  rail- 
way ties  or  bridge  timber,  is  a  serious  objection. 

By  first  injecting  into  the  wood  the  chloride  of  zinc,  and  then  remov- 
ing the  moisture  from  the  outer  portions,  you  can,  without  subjecting 
the  wood  for  a  long  period  of  time  to  excessive  heat,  inject  throughout 
said  outer  portion  oil  to  the  depth  of  one-quarter  (i)  to  one  (1)  inch  or 
more,  thereby  securing  all  the  benefits  derived  from  the  oil,  where  the 
tie  or  timber  comes  in  contact  with  the  ground,  as  well  as  insuring  the 
thorough  treatment  of  the  wood  throughout  with  the  chloride  of  zinc, 
which  is  protected  by  the  oil  surrounding  it,  thus  preventing  its  being 
chemically  changed  or  washed  out. 

At  St.  Clair  Flats,  wood  treated  by  the  Seely  process,  which  was  not 
creosoted  throughout,  rotted  at  the  heart,  the  surface  remaining  per- 
fectly sound. 

On  the  Rock  Island  Railroad,  the  Burnettized  ties  remained  sound 
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at  the  heart,  but  decayed  at  the  surface  where  they  came  in  contact 
with  the  ground.  Imperfectly  creosoted  ties  on  same  road  remained 
sound  at  the  surface,  but  rotted  at  the  heart. 

Now  I  claim  that  if  said  ties  or  timber  had  been  treated  by  the  zinc- 
creosote  process,  they  would  have  remained  sound  throughout. 

It  costs  about  seventy-five  (75)  per  cent,  less  to  treat  by  the  zinc- 
creosote  process  than  to  fully  creosote,  and  I  am  satisfied  much  better 
results  will  be  obtained,  on  account  of  the  certainty  of  impregnating  the 
wood  throughout  with  the  mineral  salt. 

With  reference  to  the  zinc-tannin  process,  as  practiced  here  : 

We  steam  our  wood  three  (3)  hours  or  more,  according  to  the  diam- 
eter of  the  timber.  We  use  chloride  of  zinc,  one  and  ninety-one-hun- 
dredths  (1.90)  percent,  strong,  glue  and  tannin,  injecting  the  chloride  of 
zinc  and  glue  at  same  time,  afterward  siibjecting  the  timber  to  a  bath  of 
tannin  under  pressure.  Our  object  in  injecting  the  glue  with  the  zinc 
is  to  destroy  all  the  tannic  acid  that  may  lie  in  the  wood.  At  the  same 
time  we  precipitate  a  portion  of  the  glue,  thereby  forming  an  insoluble 
leathery  substance  for  which  the  chloride  of  zinc  seems  to  have  an 
affinity. 

Afterward,  with  the  bath  of  tannin,  under  pressure,  we  precipitate 
that  portion  of  the  glue  remaining  in  the  outer  pores  of  the  wood, 
thereby  retaining  in  the  wood  a  greater  per  cent,  of  chloride  of  zinc 
than  would  remain  if  simply  Burnettized,  as  we  have  ascertained  by 
experiment. 

H.  W.  Scheffer,  analytical  chemist,  this  city,  under  date  of  October 
14th,  1879,  says  :  "  The  oxide  of  zinc  has  been  determined  directly, 
while  the  chloride  was  only  calculated,  on  account  of  the  impossibility 
to  wash  the  chloride  out  of  the  chips.  I  have  come  to  the  conclusion 
that  it  is  either  retained  by  the  woody  fiber,  or  has  formed  an  insoluble 
compound  which  prevents  its  extraction  by  water.  The  gelatine  and 
tannin  could  not  be  determined  on  account  of  want  of  material ;  how- 
ever, tannin  was  found  present  in  the  watery  solution,  which  in  itself 
excludes  the  presence  of  gelatine." 

Chauvenet  &  Blair,  chemists,  under  date  of  June  19th,  1880,  say  : 
"  Samples  of  wood  left  us,  after  being  reduced  to  shavings,  were  boiled 
with  three  successive  portions  of  water,  in  all  three  hours.  Being  then 
dried  and  analyzed,  they  yield  chloride  of  zinc  eight  hundred  and  twelve 
thousandths  (0  812)  per  cent." 

Brandt  V.  B.  Dixon,  chemist,  June  10th,  1880,  says  :  "After  boiling 
fine  glass  scrapings  four  hours,  the  water  showed  no  trace  of  zinc.  After 
drying  assayed  three  hundred  and  eighty  one  thousandths  (0.381)  per 
cent,  zinc-chloride. " 

The  timber  as  we  receive  it  here  takes,  per  cubic  foot,  about  as  fol- 
lows, viz. :  Cypress,  gum,  white  pine  and  other  like  woods,  from  one 
and  a  half  (li)  to  two  (2)  gallons  of  solution  ;  cotton  wood  and  elm,  say 
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three  to  four  (3  to  4);  black  oak,  one  (1)  to  one  and  one-kalf  (1J)  ;  white 
oak,  one-half  (£)  to  three-quarters  (J)  ;  yellow  pine,  hemlock  and  moun- 
tain pine,  from  one  and  a  half  (lj)  to   two  (2)  gallons. 

Our  method  of  injection  is  by  pressure  after  steaming.  Time  occu- 
pied, from  nine  (9)  to  twelve  (12)  hours. 

We  have  treated,  say  one  hundred  and  fifty  thousand  gum  and  black 
oak  railway  cross-ties,  besides  some  fifteen  million  feet  of  bridge  and 
other  timber. 

The  St.  Louis  "Wood  Preserving  Company's  charges  for  treating  tim- 
ber by  the  zinc-tannin  process  are  eight  dollars  ($8)  per  thousand  feet, 
b.  m  ;  railway  ties,  twenty  (20)  to  twenty-five  (25)  cents  each. 

Our  principal  business  is  with  the  railroad  companies  (bridge  timber, 
ties  and  the  like). 

We  have  treated  gum  wood,  which  has  now  been  in  the  ground 
nearly  four  (I)  years,  that  is  as  sound  to-day  as  the  day  it  was  cut.  If 
not  treated,  would  show  signs  of  decay  in  less  than  ninety  (90)  days, 
under  similar  conditions. 

Our  treatment  hardens  the  timber,  and  our  aim  is  not  to  affect  the 
strength. 

The  ties  heretofore  mentioned  are  sound  in  every  respect,  while  many 
untreated  white  oak  ties,  laid  in  same  track  at  same  time,  show  unmis- 
takable evidence  of  decay. 

I  am  convinced  that  ties  treated  by  the  zinc-tannin  process  will  in 
most  kinds  of  soil  wear  out  before  they  will  decay.  I  would  not  recom- 
mend the  zinc-tannin  process  when  timber  or  piles  are  submerged  in 
water,  not  through  any  fear  of  its  being  washed  out,  but  on  account  of 
the  impurities  in  most  water,  which  in  time  may  transform  the  chloride 
into  a  non- antiseptic. 

With  regard  to  the  treatment  of  wood  by  the  Boucherie  process,  and 
by  absorption  : 

My  belief  is  that  it  is  not  possible  to  treat  most,  if  not  all  kinds  of 
wood,  by  either  of  these  processes,  when  the  wood  is  dry  or  partially 
seasoned. 

I  am  satisfied  that  in  order  to  treat  successfully  by  the  Boucherie 
process  it  is  necessary  to  treat  the  timber  at  such  seasons  of  the  year  as 
sap  is  flowing,  and  immediately  after  its  being  cut;  otherwise  the  sap 
will  solidify  in  the  pores,  and  prevent  the  penetration  of  the  solution 
used. 

In  case  of  Kyanizing,  it  would  be  necessary  to  take  the  wood  immedi- 
ately after  being  cut,  and  while  full  of  moisture,  to  enable  or  admit  of 
the  equalization  of  the  salt  used,  with  the  moisture  throughout  the  wood. 
Should  it  be  dry  or  partially  so,  the  air  within  the  wood  would  prevent 
contact  of  the  solution  and  moisture,  which  is  necessary  in  order  that 
they  may  equalize.  On  the  other  hand,  after  steaming  and  vacuum,  the 
wood  is  expanded,  fiber  softened,  the  gummy  portions  of  the  sap  dis- 
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solved,  made  liquid  or  driven  out,  and  the  air  expelled,  leaving  the 
wood  in  condition  to  receive  the  solution  readily,  and  without  obstruc- 
tion, which  would  not  be  the  case  if  treated  by  the  Boucherie  process, 
by  Burnett's,  as  I  understand  it  was  practiced  at  Lowell,  or  by  absorp- 
tion, except  in  the  latter  case  possibly  by  many  weeks  of  immersion. 

I  send  you,  by  express,  a  cross-section  of  each  of  the  following,  viz. : 
a  seventeen  (17)  inch  cypress  pile,  a  twelve  by  twelve  (12x12)  square 
pine  timber,  an  oak  railway  tie  and  an  ash  stick,  all  treated  by  the  zinc- 
creosote  process. 

Trusting  I  have  answered  your  inquiry  in  full,  without  being  tedious, 
I  remain 

Respectfully  yours, 

Jos.  P.  Card, 

President. 


APPENDIX  No.  12. 

Description  of  the  Gypsum  Process. — American  Wood  Preserving 

Company. 

St.  Louis,  November  3d,  1S83. 

O.  Chanute,  Esq., 

Chairman  Committee  on  Preservation  of  Timber. 

Dear  Sir,— Your  circular  on  "Preserved  Timber,"  having  reference 
to  a  selection  exhibited  at  the  National  Exposition  of  Railway  Appliances 
at  Chicago,  was  handed  to  me  only  a  few  days  ago  by  a  friend,  and 
naturally  interested  me  very  much. 

Oar  company  has  lately  purchased  the  creosoting  works  of  the  former 
Western  Wood  Preserving  Company,  and  having  acquired  the  patent  of 
E.  Hagen  for  treating  wood  with  tincture  of  zinc  chloride  and  gypsum  in 
one  solution  and  charge,  we  now  apply  this  process  to  railroad  ties,  car- 
roofing  and  siding,  etc. ,  successfully,  passing  all  lumber  to  be  worked 
after  the  treatment  through  an  excelsior  drying  kiln  (Curran  &  Wolff)  in 
order  to  season  it  perfectly. 

We  claim  that  by  our  combination  of  gypsum  with  the  tincture  of  zinc 
chloride  a  crystalline  covering  of  the  fibers  of  the  wood  throughout  will 
l^revent  the  washing  out  of  the  chloride  and  thereby  do  away  with  the 
main  objection  so  far  made  to  this  excellent  antiseptic. 

Since  our  process  is  quite  young  yet,  we,  of  course,  have  no  other 
proofs  to  substantiate  our  above  claim  than  the  testimonials  of  chemists, 
and  I  take  the  liberty  to  call  your  special  attention  to  the  one  of  Prof.  C. 
Gilbert  Wheeler,  of  Chicago,  copied  in  our  pamphlet,  which  I  mailed 
you  to-day. 

We  submit  also  the  following  certificate  of  analysis: 
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Washington  University,  ) 

Mining  and  Metallurgical  Laboratory,  > 

St.  Louis,  Mo.,  October  11th,  1883.      ) 

Gentlemen, — The  samples  of  preserved  wood  from  the  American 
Wood  Preserving  Co.  marked  Cypress  No.  5,  Yellow  Pine  No.  9,  Black 
Oak  No.  13,  submitted  to  me  for  examination,  yielded  when  treated  with 
hydrochloric  acid: 

Cypress.  Yellow  Pine.  Black  Oak. 

Chloride  of  zinc. .  0.078  per  cent.     0.096  per  cent.     0.065  per  cent. 
Sulphate  of  lime..  0.360       "  0.250       "  0.232       " 

Determinations  made  after  charring  wood  at  low  temperature  gave 
for  sample  as  received  : 

Cypress.  Yellow  Pine.  Black  Oak. 

Chloride  of  zinc. .  0.310  per  cent.     0.249  per  cent.     0.279  per  cent. 

This  shows  that  even  hydrochloric  acid  is  not  capable  of  extracting 
the  zinc  from  the  wood  to  any  considerable  extent. 

A  weighed  portion  of  the  borings  from  the  different  woods  was 
digested  in  distilled  water  for  48  hours  and  the  water  was  found  to  be 
free  from  zinc  and  lime,  showing  that  none  of  these  substances  was 
dissolved  from  the  wood.  They  appear  to  be  practically  insoluble  in 
water  as  they  exist  in  these  samples  of  wood. 

Kespectfully, 

William  B.  Potter. 

Knowing  that  Prof.  N.  T.  Lupton,  of  the  Vanderbilt  University  at 
Nashville,  Tenn.,  is  recognized  all  over  the  Southern  States  as  one  of 
the  most  eminent  analytical  chemists  of  the  country,  and  that  his  opin- 
ion, if  favorable  to  our  process,  would  have  great  weight,  we  sent  him 
several  specimens  of  wood  of  the  same  treatment  as  above,  and  we  re- 
ceived from  him  the  following  certificate  of  analysis : 

Vanderbilt  University,  ) 

Chemical  Laboratory,  V 

Nashville,  Tesn.,  October  29th,  1883.      ) 

The  samples  of  wood  from  the  American  Wood  Preserving  Co.  have 
been  carefully  examined,  with  the  following  results  : 

Cypress.  Black  Oak.  Yellow  Pine.  Cot.  Wood.  Hard  Gum. 
Moisture  expelled 

81210°  to  215°. .12. 37  p.  c.  11.98  p.  c.  12.02  p.  c.  12.11  p.  c.  11.94  p.  c. 

Metallic  zinc 0.096     "  0.070     "  0.087     "  0.083     ••  0.076     " 

Equivalent  to  zinc 

chloride 0.199     "  0.145     "  0.161     "  0.172    •«            0.158     " 

Lime  as  sulphate.  0.400     "       -    0.224    "  0.336     "  0.252     "            0.312     " 

Weighed  portions  of  the  different  kinds  of  wood  were  subjected  to 
the  action  of  distilled  water  with  frequent  agitation  for  three  weeks, 
without  giving  the  least  evidence  of  the  solution  of  the  zinc  and  lime 
salts,  with  which  they  are  impregnated. 

The  above  determinations  were  made  from  sawdust,  obtained  by 
sawing  entirely  through  the  specimens  examined.  The  zinc  and  sul- 
phate of  lime  permeate  the  wood  completely,  and  seem  to  be  in  the  best 
condition  possible  for  exerting  their  preserving  qualities. 

Very  respectfully, 

N.  T.  Lupton,  Prof.  Chem., 

Vanderbilt  University. 
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An  expression  of  your  opinion  in  regard  to  our  treatment  would  be 
highly  appreciated,  and  if  your  association  should  find  it  of  sufficient 
importance  to  closely  inspect  and  analyze  it,  I  shall  be  very  glad  to  send  you 
samples  of  any  kind  of  wood  within  our  reach  you  may  designate. 
Hoping  to  be  favored  with  an  early  reply,  I  am, 
Yours  respectfully, 

Theo.  Plate, 

President. 


APPENDIX  No.  13. 
Creosoting  on  New  Orleans  and  Mobile  Railroad. 

New  Orleans,  La.,  June  20th,  1885. 

O.  Chanute,  Esq. , 

Chairman  Committee  on  Preservation  of  Timber. 

Dear  Sir, — The  line  of  railroad  between  New  Orleans  and  Mobile 
runs  parallel  to  and  near  the  coast,  crossing  various  arms  of  the  sea, 
and  so  near  the  mouths  of  rivers  that  the  tide  ebbs  and  flows  a  consider- 
able distance  above  the  railroad  crossings.  The  salt  water  flows  over 
the  bar  at  high  tide,  and  at  the  ebb  the  fresh  water,  being  lightest,  flows 
over  the  top,  leaving  a  basin  of  salt  water  in  which  the  teredo  navalis 
finds  some  of  his  choicest  feeding  grounds.  As  the  tidal  rise  is  only  a 
foot  or  two,  the  tidal  currents  are  not  very  strong.  It  often  happens  that 
piles  driven  for  these  bridges  will  be  honeycombed  from  five  to  forty 
feet  below  the  surface  of  the  water,  while  not  a  sign  of  the  teredo  can 
be  found  at  the  surface. 

In  the  construction  of  the  road  the  bridges  over  these  waters  were 
built  of  unpreserved  piles  and  timber.  Before  the  road  had  been  fairly 
completed  it  was  found  that  the  piles  were  being  rapidly  destroyed  by 
the  teredo,  and  before  trains  had  been  running  six  months  a  part  of  the 
bridge  over  Bay  Biloxi  gave  way,  precipitating  the  locomotive  and  part 
of  the  train  of  freight  cars  into  the  bay.  Realizing  that  something 
must  be  done  to  protect  the  piles,  and  knowing  of  no  method  of 
reliably  treating  them,  it  was  decided  to  sheath  them  with  metal.  Be- 
tween four  and  five  thousand  piles  were  sheathed,  part  with  yellow 
metal,  such  as  is  used  for  covering  ships'  bottoms,  and  part  with  zinc, 
with  a  layer  of  felt  underneath.  Four  or  five  hundred  were  charred 
and  oiled,  and  as  this  was  less  costly  than  covering  with  metal,  more 
piles  were  thus  treated  subsequently. 

The  zinc  corroded  rapidly,  and  in  about  three  years  there  were  many 
small  holes  through  it.  It  served  as  a  partial  protection  until  the  bridge 
was  rebuilt  with  creosoted  piles,  eight  years  later.  The  felt  underneath 
did  good  service  after  holes  came  in  the  zinc.     The  yellow  metal  was 
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more  durable  and  did  not  show  many  holes  for  six  years.  When  taken 
off  in  eight  years  many  sheets  had  lost  all  toughness  and  broke  like 
plates  of  glass.  The  charred  and  oiled  piles  were  about  as  durable  as 
zinc.  In  charring  timber,  there  are  narrow  lines  or  strips  of  clear  wood 
between  the  coals,  and  into  these,  as  well  as  places  where  the  coal  gets 
chafed  off,  the  marine  animals  enter.  It  appears  that  there  is  great  dif- 
ferences in  the  durability  of  metals  in  different  waters,  owing  to  the 
ingredients  leached  out  of  the  earth  and  brought  down  by  the  streams. 
In  some  harbors  sheet  copper  is  reported  good  after  forty  years'  service, 
while  in  others  it  will  be  destroyed  in  five  years. 

An  outline  history  of  the  use  of  timber  on  the  New  Orleans  and 
Mobile  Railroad  will  apply  to  most  roads  in  the  South  that  have  used 
the  same  kinds  of  timber. 

A  large  amount  of  long-leafed  yellow  pine  and  quite  a  quantity  of 
cypress  was  used  in  the  construction  of  the  road  in  the  years  1869-70. 
In  the  year  1874  extensive  renewals  were  required.  In  1875-76  still 
more  extensive  renewals  were  demanded. 

The  decay  was  so  rapid,  especially  with  the  horizontal  timber,  that  in 
the  last  bridges  rebuilt  in  1879  probably  not  more  than  5  per  cent,  of 
the  original  pine  stringers  and  caps  remained.  But  some  of  these  were 
sound  and  would  probably  have  lasted  two  or  three  years  longer.  Some 
of  the  timber  which  had  been  put  in  to  replace  that  which  first  decayed 
had  become  so  rotten  as  to  require  renewal. 

The  cypress  was  much  better  than  the  yellow  pine,  and  estimating 
from  recollection,  I  think  that  not  more  than  25  per  cent,  of  the 
cypress  had  been  removed  on  account  of  decay.  Black  cypress  is  much 
the  most  compact,  heavy  and  durable  of  any  kind  that  I  have  used. 
The  red  comes  next,  while  the  white  cypress  is  but  little  better  than  good 
yellow  pine.  For  cross-ties  it  is  not  as  good,  except  in  straight  track, 
being  too  soft  to  hold  the  spikes  and  rails. 

I  think  through  the  Southern  States,  where  there  is  a  long,  warm 
season  favorable  to  fermentation  and  decay,  yellow  pine  may  be  expected 
to  last  from  five  to  ten  years,  and  red  and  black  cypress  from  ten  to 
twenty  for  ordinary  trestle  bridge  work  where  kept  up  free  from  the 
ground.  There  is  little  timber  other  than  pine  and  cypress  suitable  for 
bridge  work  in  this  section  of  country. 

In  1875  it  was  decided  to  rebuild  all  the  bridges  on  the  road  with 
creosoted  piles  and  timber,  under  the  supervision  of  the  writer,  who  had 
been  investigating  the  subject  for  two  or  three  years.  Quite  a  number 
of  parties  were  creosoting  timber  for  various  purposes,  and  at  first  it 
was  thought  practicable  to  contract  with  them  for  the  required  material. 
Examination  of  their  products  and  of  the  oldest  creosoted  work  that 
could  be  found  convinced  the  writer  that  if  creosoting  could  be  prop- 
erly done,  it  would  be  good  and  effective;  but  if  it  could  not  be  better 
done  than  any  one  was  then  doing  it,  it  had  better  be  let  alone.     Paving 
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blocks,  planks  and  piles  were  being  treated  under  various  patents,  but 
always  with  oil  at  a  potency  that  would  make  glad  the  heart  of  a  high 
dilution  homeopathist.  By  their  peculiar  methods  of  doing  business 
they  drove  from  the  field  and  almost  out  of  use  the  best  and  most 
durable  kind  of  paving  for  driving  and  ordinary  street  wear  that  has 
ever  been  laid.  It  is  noiseless;  it  is  elastic  under  foot,  so  that  horses 
can  endure  speed  and  service;  it  is  not  slippery,  and  therefore  safe. 
The  result,  the  general  suspension  of  creosoting,  might  have  been 
anticipated.  Wherever  a  piece  of  timber  could  be  found  which  had 
been  saturated  with  oil  it  was  perfectly  sound,  and  these  isolated  speci- 
mens were  the  evidences  that  convinced  him  that  creosote  was  a  specific 
against  decay  and  the  ravages  of  marine  animals,  if  properly  used. 

After  a  series  of  experiments  plans  were  adopted  differing  consider- 
ably from  anything  in  use.  Works  were  constructed  at  West  Pasca- 
goula,  Miss.,  and  the  work  of  reconstructing  the  bridges  with  creosoted 
piles  and  timber  commenced  about  the  first  of  March,  1876.  The  result 
of  the  first  year's  operations  gave  a  consumption  of  1.8  gallons  of  oil 
(equal  to  15  or  16  lbs.)  per  cubic  foot  of  timber  treated.  This  included 
piles  and  sawn  timber,  but  piles  will  absorb  more  oil  than  hewn  or  sawn 
heart  timber.  Nearly  all  the  timber  treated  was  long  leaf  yellow  pine. 
It  included  piles  and  timber  for  superstructure  and  water-ways  and  cid- 
verts.  Our  opinion  now  is  that  for  marine  purposes  not  less  than  two 
gallons  of  oil  should  be  used  per  cubic  foot  for  yellow  pine.  For  spongy, 
porous  timber  a  much  larger  amount  will  be  required  to  give  an  equally 
uniform  and  safe  treatment.  For  fresh  water  or  dry  land  work  a  less 
quantity  will  give  good  results,  but  the  amount  should  be  proportioned  to 
the  kind  of  timber  used,  solid,  compact  timber  requiring  the  least. 
Timber  should  be  heated  through  to  above  212°  F.  (whether  dry  or 
green),  and  have  the  air  and  moisture  exhausted,  and  in  that  condition 
receive  the  oil. 

We  did  not  gauge  ourselves  to  any  given  quantity  of  oil  per  cubic 
foot,  but  endeavored  to  make  the  work  as  thorough  as  practicable.  We 
did  not  thoroughly  saturate  through  and  through  the  piles  or  sawn  tim- 
ber, and  I  do  not  think  any  process  is  known  whereby  solid,  compact 
timber  of  large  size  can  be  thoroughly  saturated  by  a  one  or  two  days' 
treatment. 

The  bridge  over  Chef  Menteur  was  the  first  to  be  rebuilt  of  creosoted 
timber,  and  this  was  done  during  the  months  of  March,  April  and  May, 
1876.  It  is  an  iron  truss  with  spans  of  110  feet,  resting  upon  pile  piers 
of  16  piles  each,  each  pile  capped  with  a  cast-iron  socket,  and  the  whole 
surmounted  by  a  wrought  girder  pier-head  upon  which  the  truss  rests. 

The  stringers,  cross-ties  and  guard-rails  are  of  wood. 

All  the  wood-work  of  the  bridge,  including  piles,  was  as  thoroughly 
creosoted  as  practicable,  having  an  average  of  nearly  two  gallons  of 
creosote  oil  per  cubic  foot. 
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The  bridges  over  the  mouths  of  Pascagoula  River  were  next  built  in 
the  months  of  May,  June  and  July  upon  the  same  plan. 

During  the  summer  of  1876  several  small  structures,  culverts  and 
water-ways  were  built  entirely  of  creosoted  timber,  and  also  a  sheet  piling 
revetment  along  the  sides  of  the  embankment,  across  Lake  Catharine, 
which  is  nearly  a  half  mile  long. 

This  revetment  was  built  of  creosoted  inch  plank,  driven  double,  so 
as  to  break  joints,  and  bearing  against  a  wale  plank  or  stringer,  sup- 
ported by  piles  on  the  outside. 

During  the  following  winter  the  bridge  across  the  Great  Rigolets, 
nearly  three-fourths  of  a  mile  long,  was  built.  The  piles  in  these 
structures  are  subject  to  attacks  of  the  teredo  navalis,  especially  those 
at  the  crossing  of  the  Pascagoula  River,  where  piles  a  foot  and  a  half  in 
diameter  have  been  cut  off  by  the  teredo  in  a  single  year. 

During  the  summer  of  1877  no  creosoting  was  done,  but  during  the 
fall,  winter  and  spring  following  a  great  number  of  water-ways  and  tres- 
tles, and  the  bridge  over  Pearl  River  were  built.  The  water  in  these 
large  streams  is  from  15  to  45  feet  deep,  and  piles  were  used  from  40  to 
95  feet  long. 

During  the  month  of  June,  1885,  I  examined  the  bridges  built  nine 
years  ago.  I  bored  a  great  number  of  cross-ties,  stringer  timbers  and 
piles  (always  plugging  the  holes  with  a  creosoted  pin),  selecting  such  as  I 
thought  most  likely  to  show  signs  of  decay,  if  any  existed.  Every  piece 
of  timber  was  in  perfect  order,  the  wood  inside  the  line  blackened  by 
the  oil  being  as  clean  and  bright  as  when  cut.  The  piles  showed  no 
indication  of  having  been  cut  by  the  teredo. 

Another  suspension  of  creosoting  occurred  during  the  yellow  fever 
epidemic  of  1878.  The  work  of  construction  was  carried  on  during  the 
winter  following,  and  finished  during  the  summer  of  1879,  by  the  re- 
building of  the  bridge  across  Bay  Biloxi,  one  and  one-fourth  miles  long, 
and  across  Bay  St.  Louis,  two  miles  long.  The  deepest  water  here  is 
about  1 5  feet,  but  the  bottom  is  so  soft  as  to  require  piles  from  40  to  70 
feet  long. 

Since  then  no  organization  for  bridge  work  has  been  necessary  on 
the  road,  as  the  bridges  are  in  perfect  line  and  surface. 

The  sandy  country  through  which  the  road  runs  makes  absolutely 
tight  culverts  or  water-ways  necessary.  These  have  been  built  of  creo- 
soted timber  and  placed  in  the  bank  so  as  to  allow  a  covering  of  earth 
of  from  one  to  twenty  feet  deep.  Where  the  earth  was  solid  enough 
these  were  constructed  by  using  plank  or  timbers  set  edgewise,  and  run- 
ning across  the  road  bed.  They  were  floored  by  plank  extending  into 
the  bank  outside  the  culvert  walls  about  a  foot,  and  covered  by  plank 
with  a  thickness  corresponding  to  the  width  of  opening.  The  openings 
vary  from  1  to  12  feet  in  width,  and  from  1  to  6  feet  high.  They  have 
one  or  more  openings  to  suit  the  volume  of  water  to  be  discharged. 
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Where  the  ground  was  soft  piles  were  driven  and  capped  and  floored 
over,  and  the  sides  built  of  double  sheet  piling  plank  1  inch  thick,  and 
driven  to  a  depth  to  guard  against  washing  out.  For  larger  streams, 
from  50  to  600  feet  wide,  and  the  track,  from  10  to  30  feet  high,  piles 
were  driven,  capped  and  floored  over  and  covered  with  sand  or  gravel 
about  a  foot  in  depth,  and  in  this  was  laid  the  ordinary  embankment 
cross-ties  to  be  lined  and  surfaced  by  the  track  men.  This  makes  a  cheap 
(and  we  think  durable)  viaduct,  and  does  away  with  the  jump  or  bounc- 
ing motion  so  often  felt  in  passing  open  water  ways  or  trestles,  and  pro- 
tects from  fire.  I  do  not  think  creosoted  timber  half  as  liable  to  take 
fire  as  timber  in  the  natural  state. 

Since  then  a  wharf  has  been  built  at  Ship  Island,  a  foundation  put 
under  the  lighthouse  at  Horn  Island,  and  several  pieces  of  work  put  in 
on  the  Mobile  and  Montgomery  Railroad,  and  a  wharf  at  the  Mobile 
Depot. 

Wharves  have  been  built  extensively  in  the  Bay  of  Pensacola,  and 
railroad  bridges  on  the  Pensacola  and  Atlantic  Railroad. 

Several  thousand  creosoted  piles  are  in  the  waters  of  Pensacola  Bay, 
where  the  teredo  is  very  destructive  to  timber. 

We  have  used  a  larger  amount  of  oil  per  cubic  foot  of  timber  treated 
than  has  generally  been  considered  necessary ,  but  the  almost  universally 
satisfactory  results  confirm  us  in  the  opinion  that  creosoting  is  valuable 
in  proportion  to  the  amount  of  oil  injected,  and  wherever  a  piece  of  tim- 
ber decays  or  is  destroyed  by  marine  animals,  it  may  be  set  down  as  a 
fact  that  there  has  been  improper  treatment. 

The  most  carefully  conducted  experiments  indicate  that  there  is  no 
decay  without  fermentation,  and  no  fermentation  without  germs.  If  a 
piece  of  timber  be  cut  green  and  thoroughly  coated  with  paint,  it  will 
soon  be  destroyed  by  what  is  called  dry  rot.  If  a  similar  piece  be 
heated  through  to  225 :  F.,  and  a  sufficient  amount  of  oil  be  forced  in  to 
form  an  impervious  coating,  no  decay  will  take  place  until  that  coating 
is  broken. 

Wherever  that  coating  is  broken,  and  the  air  with  its  dust  allowed  to 
come  iu  contact  with  the  unsaturated  wood,  decay  follows  and  extends 
in  each  direction  from  the  opening.  It  does  not  affect  the  whole  mass 
of  untreated  timber  at  once,  but  commences  at  the  opening  and  extends 
gradually,  and  it  may  be  years  in  consuming  all  of  the  uncreosoted  wood. 
If  absolutely  necessary  to  cut  the  timber  after  creosoting,  such  surfaces 
should  be  thoi'oughly  oiled  and  pitched,  or  in  some  other  manner  pro- 
tected. I  do  not  think  the  "coagulation  of  the  albumen  "  much  of  a 
factor  in  the  preservation  of  wood.  Something  else  must  be  relied  on 
as  an  antiseptic.  The  character  of  wood  seems  to  be  so  changed  by 
saturation  with  creosote  oil  that  the  ferment  germs  find  no  nourishment, 
and  though  the  oil  may  have  become  as  thoroughly  dried  out  as  possible, 
no  fermentation  or  decay  takes  place. 
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By  the  courtesy  of  the  General  Manager  of  the  Old  Colony  Railroad, 
I  have  just  been  enabled  to  examine  the  bridge  built  over  the  Taunton 
River,  at  Somerset,  in  1865.  It  was  referred  to  by  Chief-Engineer 
Winslow  in  1878.  Nearly  all  the  original  700  piles  creosoted  have  dis- 
appeared or  have  had  another  driven  alongside,  and  are  still  left  bolted 
in  the  bridge.  Evidently  the  work  was  done  in  what  we  should  now  call 
a  very  superficial  manner.  The  original  "Bethell  process"  was  used, 
depending  solely  on  pressure  to  force  in  the  oil,  and  with  no  provision 
for  extracting  the  sap,  except  the  traditional  vacuum  pump.  Water 
cannot  be  drawn  out  of  timber  by  simply  producing  a  vacuum  in  the 
tank  containing  it.  It  is  not  forced  in  by  atmospheric  pressure,  but  by 
capillary  attraction,  which  remains  the  same  after  the  air  has  been  ex- 
hausted. Neither  can  it  be  removed  by  ordinary  steaming,  as  that  only 
carries  more  moisture  to  the  wood.  The  piles  were  green,  and  generally 
treated  with  the  bark  on.  In  creosoting,  the  greater  part  of  the  oil  is 
absorbed  through  the  side  of  the  timber,  and  not  by  flowing  along  the 
pores.  The  bark,  being  spongy,  absorbed  more  oil  than  the  green 
wood,  and  acting  as  a  strainer,  retained  the  densest  and  best  part  of  it. 
When,  therefore,  the  bark  fell  off,  which  it  was  sure  to  do,  the  piles 
were  left  poorly  protected.  That  part  of  the  pile  which  received  oil 
twenty  years  ago  is  as  sound  as  when  cut,  though  the  interior  may  be 
rotten.  The  piles  apparently  have  lasted  much  longer  than  they  would 
had  they  not  been  creosoted. 

A  few  piles  were  used  around  the  draw-bridge  that  were  not  creosoted. 
The  bark  was  relied  upon  for  protection,  and  in  places  where  the  bark 
was  off  or  where  trimming  was  done,  nails  were  driven  in  near  together, 
and,  I  think,  a  cloth  or  something  of  that  kind  was  laid  on  the  wood, 
though  I  could  not  ascertain  positively.  At  any  rate,  all  such  places 
that  I  saw,  which  had  been  below  the  water  line,  were  sound  and  free 
from  attack  by  the  teredo.  Some  such  patches  were  left  above  the  water, 
the  piles  probably  not  being  driven  as  far  as  anticipated,  and  in  these 
the  nails  had  completely  oxidized,  so  that  they  could  be  dug  out  like 
sand,  and  the  wood  between  the  nails,  which  were  about  half  an  inch 
apart,  was  also  destroyed,  being  as  brittle  and  easily  dug  out  as  charcoal, 
while  the  surface  of  the  wood  around  these  places  and  out  of  the  influ- 
ence of  the  iron  was  quite  good.  The  difference  of  the  effect  of  the  nails 
above  and  below  the  water  line  was  plainly  seen. 

Some  hemlock  cross-ties  were  creosoted  and  laid  in  the  track  near 
the  creosote  works  about  sixteen  years  ago.  They  had  been  hewn  and 
were  more  or  less  seasoned,  and  received  a  goodly  quantity  of  oil.  The 
oil  has  become  dry  and  hard  on  the  outside,  but  inside  it  is  yet  limpid 
and  may  be  squeezed  out,  after  removing  the  outside  of  the  tie.  I  could 
not  learn  as  a  single  tie  had  been  removed  for  cause,  and  they  with 
others  of  later  date  are  doing  service.  Some  other  pieces  of  hemlock 
and  spruce  were  creosoted  and  cut  up  for  other  use.     Wherever  the  oil 
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penetrated,  the  timber  is  perfectly  sound,  though  the  center  may  be  soft 
and  rotten.     The  creosoted  part  is  as  tough  and  fibrous  as  ever. 

I  do  not  think  the  fiber  of  timber  is  ever  made  short  or  brittle  by 
creosote,  though  it  may  be,  and  sometimes  is,  by  overheating.  I  do  not 
think  timber  should  be  heated  to  more  than  250°  F. 

It  has  generally  been  considered  that  palmetto  or  cabbage  wood  was 
safe  from  the  attacks  of  marine  animals.  I  found  several  pieces  at 
Pensacola,  three  or  four  years  ago,  which  had  been  more  or  less  eaten. 
This  summer  I  saw  at  Charleston,  South  Carolina,  numerous  pieces 
badly  eaten.  They  were  taken  out  of  a  wharf,  at  the  Custom  House* 
which  was  being  rebuilt.  I  sent  samples  to  the  rooms  of  the  Society  at 
New  York.  In  some  of  the  pieces  the  teredo  seemed  to  be  well  fed  and 
flourishing,  measuring  aboutiialf  an  inch  in  diameter. 

With  ordinary  timber  the  bark  is  a  protection  against  the  teredo,  but 
with  the  palmetto  that  seemed  to  be  the  choicest  part,  though  they  cut 
both  wood  and  bark.  The  wood  of  palmetto  seems  to  be  a  bundle  of 
interlaced  fibers,  held  in  place  by  a  kind  of  vegetable  cement,  which  dis- 
solves when  the  timber  is  used  under  water,  and  the  fibers  can  then  be 
drawn  out  singly.  It  has  but  little  strength  in  either  direction.  Its 
greatest  strength  is  in  the  bark. 

Respectfully  yours, 

J.  W.  Putnam. 


APPENDIX  No.  14. 
Remarks  on  Creosoting. 
Octave  Chanute,  Esq., 

Chairman  of  the  Committee  on  Wood  Preservation. 

Dear  Sir, — My  own  practical  experience  in  wood  preservation  has 
been  confined  to  creosoting.  In  England,  where  the  metallic  salt  pro- 
cesses, i.  e.,  Kyanizing,  Burnettizing,  etc.,  started  in  the  race  with  creo- 
soting about  the  year  1838,  creosoting  alone  survives,  and  has  been  gen- 
erally adopted  wherever  wood  is  used  in  railroad  construction  or  other 
out  of  door  work.  Before  engaging  in  creosoting  as  a  business,  I  satis- 
fied myself,  through  European  correspondence  mainly,  that  properly 
creosoted  wood  is  indestructible  by  marine  animal  life,  and  will  resist 
decay  almost  indefinitely.  The  members  of  our  Society  were  at  that 
time  generally  unfamiliar  with  the  process  and  inclined  to  be  skeptics. 
Since  then  sufficient  has  been  learned  from  actual  experience  in  this 
country  to  confirm  the  good  reputation  of  this  process  in  Europe. 

In  some  of  our  earlier  transactions  are  papers  giving  results  of  experi- 
ments in  so-called  creosoting,  especially  as  regards  its  efficiency  in  pre- 
serving timber  from  the  teredo.*     The  fact  is  that  it  was  not  creosoting 

*  Trans.  Am.  Soc.  C.  E.,  Vol.  Ill,  paper  No.  XCV  ;  No.  CXXXI,  Vol  VI,  page  189. 
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at  all,  but  a  pretense.  Mr.  C.  B.  Sears  says  :  "  Over  1  000  000  of  feet 
was  treated  by  the  '  Bobbins '  process,  a  modification  of  the  Bethell ;  it 
was  impregnated  *  *  *  *  with  the  vapor  of  hydro-carbon  oil, 
about  1$  lbs.  of  oil  to  the  cubic  foot,  and  cost  $10  coin  per  1  000  feet, 
b.  m."     This  in  California. 

That  such  creosoting  failed  is  no  wonder,  yet  it  served  to  prejudice 
the  process. 

The  first  really  valuable  information  on  wood  preservation  in  the  pos- 
session of  the  Society  is  the  paper  of  the  Secretary,  John  Bogart  (on 
Permanent  Way  ;  Trans.  A.  S.  C.  E.,  Vol.  VIII,  January,  1879).  This 
paper  gives,  in  tabular  form,  without  comment,  categorical  answers  to  a 
series  of  questions,  asking  for  actual  experience,  obtained  from  an  ex- 
tended correspondence  with  the  chief  engineers  of  all  the  large  railways  in 
Great  Britain.  From  that  date  the  subject  of  wood  preservation  has 
been  frequently  discussed  at  our  annual  meetings,  and  several  valuable 
papers  thereon  have  appeared  in  our  Transactions. 

As  stated  above,  the  early  creosoting  was  very  imperfectly  done,  and 
generally  by  companies  started  with  large  paper  capital  for  the  purpose 
of  selling  stock.     Creosote  was  expensive,  and  the  methods  adopted  by 
these  companies  were  efforts  to  dispense  with  the  use  of  creosote,  except 
in  a  vaporous  state.     In  two  or  three  places  works  were  erected  to  carry 
out  the  Bobbins  vapor  process,  but  there  was  little  business  and  less 
faith.     This  failing,  an  attempt  was  made  to  adapt  the  weak  machinery 
to  good  (?)  creosoting.      The  cylinder  burst  at  a  pressure  of  10  lbs. 
These  attempts  were  followed  by  a  period  of  distrust,  and  later  came  the 
creosoting  of  the  present  day,  with  expensive,  powerful  and  efficient  ma- 
chinery, and  a  system  of  thorough  treatment,  which,  in  some  respects,  is 
superior  to  the  English  system,  and  will  give  good  results. 
There  are  three  essentials  to  success  : 
1st.  The  selection  of  suitable  varieties  of  timber. 
2d.  Proper  dessication. 

3d.  The  injection  of  a  sufficient  quantity  of  creosote. 
First. — It  is  safe  to  say  that  the  varieties  of  timber  which  are  the 
most  perishable  without  treatment  are  best  suited  for  creosoting.  They 
are  absorptive  ;  without  treatment  they  readily  take  in  from  their  sur- 
roundings the  seeds  of  decay,  and  under  treatment  they  absorb  the  creo- 
sote freely  and  evenly.  "Where  such  wood  will  be  subjected  to  strains, 
the  engineer  must  call  for  larger  dimensions  than  he  would  use  with 
denser  and  stronger  woods.  But  such  allowances  made,  the  Virginia  or 
North  Carolina  pine  is  far  better  for  creosoting  than  the  Georgia  pine, 
and  porous  black  or  red  oak  than  white  oak,  and  in  either  case  the  more 
sap  wood  the  better,  as  the  sap  wood  is  always  fully  saturated.  Spruce 
is  unreliable  for  the  purpose,  on  account  of  the  diversity  in  density  in 
different  specimens.  The  most  conscientious  treatment  of  spruce  will 
fail  to  obtain  uniform  and  reliable  results. 
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Second. — Dessication. — The  Bethell  process  in  use  in  England  requires 
that  all  timber  intended  to  be  creosoted  shall  be  exposed  in  the  air  until 
fully  seasoned.  In  this  country,  when  any  important  contract  requiring 
timber  is  awarded,  the  trees  are  still  standing  in  the  forests.  There  is 
no  available  seasoned  timber.  Hence  we  are  compelled  to  adopt  artificial 
dessication,  with  the  aid  of  steam  coils  within  the  treating  cylinder,  be- 
fore the  creosote  is  admitted.  But,  through  this  necessity  in  the  Amer- 
ican process,  we  secure  additional  preservation,  because  the  degree  of 
heat  employed  in  the  dessication  (about  250°  Fahrenheit)  coagulates  the 
allmnienoids  in  the  sap  wood,  and  thus,  in  so  far  as  coagulation  acts  as  a 
preservative,  all  which  is  accomplished  by  the  metallic  salt  process  is  at- 
tained in  addition  to  the  action  of  the  antiseptic  and  other  properties  of 
the  creosote  itself.  Without  preliminary  dessication,  creosoting  must 
always  be  disappointing  in  its  results,  as  there  will  be  many  wet  places 
unprotected. 

Third.  —The  injection  of  a  sufficient  quantity  of  oil.  Creosoting  does 
not  claim  to  be  a  cheap  process.  Its  cost,  and  that  alone,  stands  in  the 
way  of  its  general  adoption.  On  this  account,  while  I  protest  against 
the  small  doses  first  used  in  this  country  (from  an  ounce  of  tar  vapor  to 
2  lbs.  of  oil),  I  yet  believe  that  more  than  enough  is  wasteful.  During 
the  first  thirty  years  after  the  introduction  of  the  process  in  England  the 
practice  was  to  inject  from  6  to  8£  lbs.  per  cubic  foot,  and  the  lougest 
records  of  sound  usefulness  are  of  specimens  thus  treated  ;  but  when  the 
wood  was  to  be  protected  from  the  teredo  10  lbs.  per  cubic  foot  were 
used.  Eleven  hundred  piles  driven  at  Leith,  Scotland,  in  1818,  and  re- 
ported by  the  engineer  in  charge  as  perfectly  sound  in  1882,  were  treated 
with  10  lbs.  only  per  cubic  foot.  Later  practice  in  England  sometimes 
calls  for  10  lbs.  as  a  protection  from  decay  alone,  and  Mr.  Boulton,  of 
London,  who  has  had  more  than  thirty  years  of  practical  experience  in 
creosoting,  wrote  me  that  more  than  12  lbs.  per  cubic  foot  is  never  called 
for  by  English  engineers  when  for  use  in  tropical  climates. 

It  does  seem  to  me  that  the  dose  proved  to  be  sufficient  in  England 
should  suffice  here.  The  atmospheric  conditions  are  quite  as  favorable 
to  decay  there,  and  the  cutting  tools  of  the  teredo  are  quite  as  actively 
employed,  the  Gulf  Stream  maintaining  a  long  season  for  their  work.  As 
a  practical  creosoter,  while  willing  and  able  to  inject  from  20  to  10  lbs. 
per  cubic  foot  in  porous  wood,  if  required,  I  feel  impelled,  in  the  interest 
of  economy,  to  discourage  the  specification  of  more  than  10  to  12  lbs.  per 
cubic  foot  in  most  cases. 

Creosote  oil  is  a  distillate  of  coal  tar — a  residual  product  in  the  man- 
ufacture of  coal  gas.  Chemists  have  procured  from  coal  tar  a  vast  num- 
ber of  sub-products  and  combinations  of  great  usefulness  in  dyeing,  etc. 
The  three  principal  coarse  products  of  coal  tar  are  the  light  oils,  the 
heavy  oils  and  pitch,  all  the  results  of  distillation. 

The  light  oils  (lighter  than  water)  evolve  in  the  distillation  at  a  tern- 
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perature  of  360°  to  480°  Fahrenheit.  From  these  all  the  aniline  colors  are 
made.  They  are  expensive  and  have  no  value  whatever  in  wood-preser- 
vation. The  heavy  oils  (heavier  than  water)  are  distilled  at  a  temperature 
of  from  480°  to  760°  Fahrenheit.  These  are  the  so-called  creosote  oils, 
and  contain  all  the  constituents  of  the  coal  tar  useful  in  wood  preserva- 
tion. After  the  creosote  comes  the  pitch.  Creosote  contains  about  5 
per  cent,  of  tar  acids,  i.  <?.,  carbolic,  cresylic  and  other  acids,  but  the 
bulk  is  made  up  of  semi-solid  oils  and  naphthaline. 

Wood  preservation  by  the  metallic  salt  processes  is  solely  chemical. 
Earlier,  it  was  claimed  that  the  zinc  chloride,  etc.,  formed  insoluble 
chemical  combinations  with  the  albumen  contained  in  the  sap  wood. 
Now,  it  is  generally  allowed  that  no  such  combinations  are  formed,  but 
that  the  value  of  metallic  salts  as  antiseptics  depends  upon  their  contin- 
ual presence  in  the  woods,  and  as  they  are  readily  dissolved  out  of  the 
wood  their  effect  is  only  temporary.  The  life  of  wood  is  prolonged  by 
their  use,  when  skillfully  applied,  yet  in  moist  places  they  quickly  lose 
their  efficacy. 

The  creosoting  process  is  both  chemical  and  mechanical.  Besides 
the  carbolic  and  other  acids,  it  contains  many  other  well-recognized 
antiseptic  constituents  ;  but  it  is  probable  that  the  very  long  life  of 
timber  secured  by  thorough  creosoting  is  due  far  more  to  the  fact  that 
the  pores  of  the  wood  are  filled  up  with  the  thick,  gummy,  insoluble 
oils  and  the  naphthaline,  and  thus  keep  out  air  and  water,  which  con- 
tain the  germs  of  decay.  That  such  is  the  case  was  conclusively  shown 
by  M.  Eoltier,*  a  Belgian  chemist,  and  later  in  1866  by  M.  Charles 
Coisne,f  Chief  of  Section  of  the  State  Railways  of  Belgium  and  Super- 
intendent of  the  Creosoting  Works. 

By  the  latter,  two  series  of  experiments  were  tried  during  a  period  of 
five  or  six  years  in  burying  in  a  compost  heap  made  of  decaying  wood, 
manure,  etc.,  shavings  impregnated  with  creosotes  containing  different 
percentages  of  carbolic  acid.  The  results  showed  that  shavings  saturated 
with  carbolic  alone  were  entirely  decayed,  and  those  saturated  with  the 
distillates  at  the  highest  temperatures  which  contained  no  carbolic 
whatever  were  perfectly  sound. 

Experience  with  the  metallic  salts  and  the  results  of  above  experi- 
ments indicate  that  to  preserve  timber  something  more  is  required  than 
an  antiseptic  for  the  purpose  of  coagulating  the  albumen.  The  very 
small  percentage  of  albumen  contained  in  the  sap  wood  probably  fer- 
ments readily  and  may  originate  decay  ;  but  the  agencies  of  fermenta- 
tion introduced  into  exposed  timber  by  the  air  and  water  absorbed  by 
the  wood  are  vastly  more  dangerous  than  the  seeds  of  decay  contained 
originally  in  the  wood  itself. 

*  Bulletin  de  l'Acarlemie  Royale  de  Belgique.     2me  Series,  Tome  XVII.  No.  i. 

t  Extrait  des  Annales  des  travaux  publiques  de  Belgique.  Toine  XXII.  Note  sur  la 
Construction  des  bois  aux  Moyens  d'ecnantillons  d'nuiles  creosotees  obtenus  a  differentes 
temperatures.    Ditto,  Tome  XXX. 
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During  the  past  hundred  years  almost  every  imaginable  substance 
has  been  proposed  as  a  preservative  of  Avood,  yet  it  may  be  that  invent- 
ors are  still  at  work  ;  if  so,  their  attention  would  be  best  directed  to 
such  methods  or  materials  as  would  close  the  pores  of  wood  to  air  and 
water. 

The  folloAving  record  of  experiments  made  in  the  Harbor  of  New 
York  by  the  Department  of  Docks  of  that  city  and  kindly  furnished  by 
Mr.  G.  S.  Greene,  Jr.,  M.  Am.  Soc.  C.  E.,  Engineer-in-Chief  of  the 
Department,  will  probably  prove  of  general  interest. 

Edward  R.  Andrews. 

New  York,  May  10th,  1882. 


Department  of  Docks, 

117  and  119  Duane  Street. 

Engineer's  Office,  Chambers  Street,  ) 
Sept.  13th,  1883.  ( 

Mr.  Geo.  S.  Greene,  Jr., 

Engineer-in-  Chief. 

Str, — The  accompanying  comparative  table  gives  the  results  of  five 
annual  examinations,  *  made  by  the  aid  of  a  diver,  of  certain  pieces  of 
wood  put  down  in  May,  1878,  at  the  end  of  Pier  No.  1 ,  North  River,  to 
ascertain  the  effect  upon  them  of  the  teredo.  These  pieces  of  wood 
have  always  been  placed  where  the  current  is  strongest  and  entirely 
clear  of  the  mud  line,  in  order  to  expose  them  to  the  full  action  of  the 
worms,  and  to  show  as  strongly  as  possible  the  value  of  the  different 
means  that  were  adopted  to  protect  them. 

The  numbers  and  groups  were  as  follows  : 

*  At  each  examination  a  cross-section  about  2  inches  thick  was  cut  off  of  one  end  of  each 
piece  of  wood. 
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APPENDIX  No.  15. 
Ceeosoting  on  Houston  and  Texas  Central  Eatlway. 

Houston  and  Texas  Central  Eailway,  ) 

Division  Engineer  and  Supt.'s  Office,  V 

Houston,  April  7th,  1882.  ) 

To  the  Committee  on  Preservation  of  Timber, 

Am.   Soc.   of  Engrs. ,  iV".    Y. 

Gentlemen, — In  answer  to  your  communication  of  March  29th,  on  the 
subject  of  preserving  timber,  I  would  say  that  the  Houston  and  Texas 
Central  Eailway  Company  has  treated  about  150  000  cross-ties  and  a 
small  quantity  of  bridge  and  tank- frame  timber  with  creosote,  or  "dead 
oil,"  in  the  last  two  years. 

Sufficient  time  has  not  elapsed  for  the  results  to  be  ascertained  on  this 
special  Avork,  but  enough  is  known  of  the  effects  of  "  creosote"  in  pre- 
serving similar  timber  in  this  climate  for  a  period  of  eight  years  to  give 
a  good  guaranty  of  success. 

The  timber  used  thus  far  for  ties  is  the  short-leaf  "Texas  pine,"  a 
porous  and  perishable  wood,  that,  untreated,  will  not  last  more  than  two 
years  on  or  in  the  ground,  or  exposed  to  the  weather.  It  takes  the  oil 
freely  when  partially  seasoned,  and  when  entirely  dry  will  readily  take 
more  than  two  gallons  to  the  cubic  foot.  Our  works  consist  of  two 
cylinders  100  feet  long,  in  which  the  timber  is  treated,  calculated  to  stand 
a  pressure  of  150  pounds  per  square  inch  ;  a  superheater,  and  vacuum 
and  pressure  pumps,  with  suitable  steam  power  and  pipe  connections, 
and  cisterns  for  conveying  and  holding  the  oil.  The  process,  in  brief, 
is,  first,  application  of  superheated  steam,  then  withdrawal  of  the  con- 
densed steam  and  sap  that  may  have  come  from  the  wood,  and  produc- 
tion of  a  vacuum  by  means  of  a  vacuum  pump,  the  temperature  being 
maintained  at  the  same  time  by  dry  heat  from  the  steam  pipes,  and 
finally  following  with  the  oil  at  a  temperature  of  about  160  degrees,  and 
with  such  pressure  as  may  be  necessary  to  produce  the  desired  results. 

Our  ties  contain  about  4£  cubic  feet,  and  we  propose  to  use  about  5 
gallons  of  oil  to  the  tie  ;  the  length  of  time  necessary  to  do  this  depends 
on  the  condition  of  dryness  of  the  ties  when  treated.  When  quite  dry, 
very  little  steam  is  needed;  in  fact  it  might  be  dispensed  with  ;  30  min- 
utes of  exposure  to  superheated  steam  and  the  same  length  of  time  with 
an  oil  pressure  of  20  pounds  are  sufficient . 

But  if  the  timber  is  green,  4  hours  use  of  the  steam,  and  4  hours  of  oil 
pressure  of  100  pounds  per  square  inch,  may  not  accomplish  the  same  re- 
sult. In  practice,  the  treatment  is  varied  within  above  limits,  according 
to  the  condition  of  the  timber  and  ascertained  results  after  treatment. 
Natural  seasoning  is  much  the  best,  and  it  is  considered  that  the  saving  in 
fuel  and  cost  of  running  the  works,  by  reducing  the  time  of  treatment  to 
a  minimum,  will  more  than  compensate  for  the  expense  of  cutting  the 
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ties,  say,  four  months  in  advance,  which  in  this  climate  is  enough  to  put 
them  in  good  condition.  An  examination  of  a  lot  of  ties  taken  out  of  a 
cylinder  after  treatment  will  show  that,  while  the  oil  consumed  will  aver- 
age, say,  li  gallons  to  the  cubic  foot  of  timber  in  the  cylinder,  some  of 
the  ties  are  entirely  saturated,  and  others  have  received  the  oil  only  to  a 
•certain  depth  from  the  surface,  leaving  the  heart  in  its  natural  condition; 
a  want  of  uniformity  to  be  explained  only  by  differences  in  seasoning, 
and  differences  in  the  grain  of  the  wood  in  different  trees.  The  latter 
cause  is  a  peculiarity  which  will  probably  be  found  incident  to  every 
variety  of  timber  to  a  greater  or  less  extent,  when  exposed  to  this  test. 
It  is  not  easy  to  secure  uniformity  of  treatment,  for,  if  the  pressure  is 
■continued  until  all  of  the  timber  in  the  cylinder  is  saturated,  there  will 
be  a  consumption  of  from  7  to  9  gallons  of  oil  to  the  tie,  which  is  much 
more  than  it  is  deemed  necessary  or  profitable  to  use  in  cross-ties.  It  is 
desirable  to  ascertain  what  depth  of  penetration  of  a  preservative  is  nec- 
essary (less  than  complete  saturation)  to  insure  protection. 

Concerning  this  we  have  the  following  experience  :  A  lot  of  short- 
leaf  pine  ties  were  treated  for  this  company  and  placed  in  the  track  in 
1S75.  They  were  treated  in  double  lengths  and  cut  in  two  to  be  used; 
dimensions,  7"  x  9",  9  feet  long.  About  10  per  cent,  were  not  treated 
through,  and  an  area  of  from  2  to  4  inches  in  diameter  of  natural  wood 
was  thus  exposed  at  one  end  to  air  and  moisture.  These  ties  are  now  all 
perfectly  sound  where  the  wood  received  the  oil,  but  decay  commenced 
very  soon  at  the  untreated  exposed  ends,  and  has  penetrated  in  at  that 
end  only  to  an  extent  varying  in  length  in  proportion  to  the  size  of  the 
area  exposed.  Where  the  surface  was  4  inches  in  diameter  the  hollow 
extends  30  inches  ;  where  only  one  inch  in  diameter  the  decay  reaches 
11  inches. 

It  is  fair  to  infer  that  if  these  ties  had  been  treated  in  the  same  manner 
in  single  lengths  there  would  have  been  no  decay,  and  the  untreated 
parts  would  now  be  sound. 

The  timber  has  been  hardened  by  this  process,  and  shows  as  yet  no 
serious  wear.  It  would  have  been  utterly  worthless  in  two  years  had  it 
not  been  treated. 

Failures  in  the  use  of  preservatives  are  most  probably  often  in  conse- 
quence of  failure  to  secure  the  presence  of  the  material  in  the  wood,  as 
it  is  only  by  frequent  and  careful  tests  while  the  work  is  going  on  that 
■one  can  know  the  character  of  it,  and  that  it  is  being  well  done. 

Should  you  desire  any  further  information  in  regard  to  our  methods 
of  treating  timber,  I  shall  be  pleased  to  furnish  it,  as  far  as  I  can.  The 
above  is  an  outline  only,  and  I  have  suggested  some  points  for  your  con- 
sideration, which  I  think  are  worthy  of  investigation.  I  will  send  you  a 
treated  block  of  the  pine  timber  we  are  using. 

Yours  respectfully, 

M.  G.  Howe. 
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APPENDIX  No.  16. 

The  Bouchebie  Peccess  in  Europe. 

Paets,  April  10th,  1882. 
W.  W.  Evans,  Esq., 

Consulting  Engineer. — Sans  Souci. 

Dear  Sir, — You  ask  for  pamphlets  concerning  Dr.  Boucherie's  pro- 
cess of  preserving  wood.  Some  twenty  years  ago  I  was  much  interested 
in  this  question  and  investigated  the  matter.  I  was  led  by  the  study  of 
the  various  systems  to  propose  a  combination  of  the  Boucherie  and  the 
so-called  Beth  ell  systems.  I  published  a  pamphlet  ou  the  subject  in, 
French  and  German.  I  send  you  both  by  this  mail ;  but  it  will  not  be 
easy  to  find  the  very  "antique  "  brochure  of  Dr.  Boucherie. 

I  will  try  to  give  you,  however,  some  particulars  on  the  history  of 
Dr.  Boucherie's  processes. 

Dr.  Boucherie's  first  experiments  were  made  in  1838.  He  introduced 
by  aspiration  (vital  suction)  in  the  trees  an  antiseptic  (pyrolignite  of 
iron).  He  changed  his  views,  and  in  1846  he  preferred  to  introduce 
the  antiseptic  by  hydraulic  pressure  and  to  use  sulphate  of  copper 
(S03  CuO).  During  the  year  1839  a  communication  on  Dr.  Boucherie's 
process  was  submitted  to  the  Academy  of  Science,  at.  Paris,  but  till 
1846  no  practical  application  was  made. 

In  1850  appeared  in  the  Annales  des  Ponts  et  Ckaussees  (March 
and  April,  1850),  a  report  on  Dr.  Boucherie's  process. 

This  report  says  that  a  trial  of  7  years  had  given  very  good  results. 
In  1846  the  French  chemin  de  fer  du  nord  ordered  60  000  cross-ties  of 
oak,  preserved  by  Dr.  Boucherie's  process.  At  this  time  the  cost  of 
preparing  a  cross-tie  was  very  high.  A  cross-tie  of  0.10  cubic  meters  in 
volume  cost  1  franc  11.4  centimes,  as  follows: 

Franc?.  Cents. 

General  expenses 0.060  1.2 

Building  benches 0.048  1. 

Transportation  of  ties 0.304  6. 

Sulphate  of  copper 0.499  10. 

Workmanship 0.203  4. 

Total 1.114  22.2 

He  used  nearly  7  kilogrammes  of  sulphate  of  copper  per  cross-tie, 
of  which  5  or  6  kilogrammes  were  absorbed,  the  remainder  being  lost. 

The  Austrian  Railroad,  to  which  I  was  attached  from  1860  to  1864, 
used  Dr.  Boucherie's  process  to  preserve  white  beecb  ties,  and  I  had 
charge  of  this  department.  In  a  tank,  about  7  meters  to  10  meters  bigh, 
was  the  solution  of  sulphate  of  copper.  Pieces  of  round  wood  of  the 
double  length  of  the  ties  were  partly  cut  in  the  middle  and  the  solution 
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introduced  in  the  so  formed  space.  The  wood  was  fresh  cut,  and  the 
solution  ran  through  in  longitudinal  direction. 

After  10  hours'  treatment  the  wood  was  considered  to  be  prepared. 
The  surplus  solution  was  received  in  gutters  and  pumped  back  into  the 
tank.  I  found  that  wood  containing  too  much  sulphate  of  copper 
was  brittle,  and  perished  sooner  than  wood  containing  less  of  this 
salt.  I  explain  this  by  the  forcnation  of  crystals  which  burst  the  fine 
capillary  spaces  in  the  wood.  I  obtained  the  best  results  by  washing  out 
the  excess  of  sulphate  of  copper.  The  combinations  of  oxide  of  copper 
with  albumen  and  resin  are  not  soluble  in  water.  From  1867  to  1869  I 
tried  to  preserve  wood  in  the  harbor  of  Trieste  against  the  teredo  navalis 
by  sulphate  of  copper.  The  first  12  or  15  months  this  succeeded,  but 
when  all  the  soluble  salts  of  copper  became  washed  out,  the  sea  worm 
•could  eat  the  wood  without  danger  to  his  health,  and  then  the  wood  was 
no  longer  preserved  against  attack.  To  preserve  wood  against  the  teredo 
navalis  or  other  sea  worms  by  sulphate  of  copper  it  must  be  richly  im- 
pregnated, so  to  conseiwe  the  soluble  salts,  and  then  be  covered  with  tar, 
in  order  to  prevent  the  copper  from  washing  out  of  it. 

The  great  trouble  with  Dr.  Boucherie's  process  is  that,  to  employ  it, 
wood  must  be  freshly  cut,  and  that  it  has  then  to  be  sawed  into  cross-ties 
after  preparation.  The  first  condition  gives  trouble  in  the  forest,  the 
latter  increases  the  cost.  (The  steel  of  the  saws  suffers  much  from  the 
copper  salts.)  The  outer  parts  of  the  wood  are  not  penetrated  by  the 
antiseptic  salt. 

I  developed  all  this  in  my  pamphlet.  When  in  1870  I  had  to  organize 
the  preservation  of  cross-ties  (white  beech)  on  another  Austrian  railroad, 

I  used  copper  cylinders  in  which  I  prepared  cut  cross-ties  under  7  to  8 
atmospheres  pressure,  after  an  introduction  of  steam  in  order  to  soften 
the  surface  of  the  dry  cross-ties.  This  apparatus  is  still  working,  and 
has  prepared  about  2  000  000  of  ties.  The  price  of  preparation 
is  about  35  centimes.  If  creosote  is  cheap,  I  consider  this  antiseptic 
as  the  best.  To  fasten  the  rails  on  cross-ties  prepared  with  copper 
salts,  it  is  recommended  that  we  make  use  of  galvanized  nails,  or 
make  holes  for  the  nails  and  introduce  tar  in  these  holes  as  well  as  on 
the  top  of  the  ties  where  the  rail  touches  them.  In  Germany  they  use 
preferably  chloride  of  zinc  for  preserving  cross-ties. 

In  France  as  well  as  in  other  parts  of  Europe  the  Boucherie  process 
is  nearly  abandoned  for  the  reasons  above  stated.  When  I  used  it  in 
the  years  1860  to  1864,  in  South  Hungary,  the  cost  of  preparing  a  cross- 
tie  under  Dr.  Boucherie's  patent  was  materially  lower  than  the  1  franc 

II  centimes  (22  cents)  estimated  in  1850.  I  believe  it  could  be  used  for 
about  70  or  80  centimes  (14  to  16  cents)  apiece. 

I  am,  dear  sir, 

Very  sincerely  and  truly  yours, 

E.  Poxtzen. 


350 


THE   PRESERVATION    OF  TIMBER. 


APPENDIX  No.  17. 

Report  on  Economy  of  Burnettizing. 

New  York,  Lake  Eiue  and  Western  Railroad  Co.,  > 

Office  of  the  Chief  Engineer,^ -   t»-jj  v 

P.  O.  Box  839.  New  York,  May  4th,  1883.      ) 

R.  Harris,  Esq.,  Vice-President,  &c. 

Dear  Sir, — la  answer  to  your  inquiry  as  to  what  is  my  estimate  of 
the  annual  saving  to  be  expected,  if  Burnettized  hemlock  ties  are  used 
instead  of  the  present  practice,  I  beg  to  report  that  the  following  table 
shows  the  number  of  ties  annually  used  in  repairs. 


Year. 

Eastern 
Div. 

Delaware 
Div. 

Susque- 
hanna Div. 

Western 
Div. 

Buffalo  and 

Rochester 
Div. 

Totals. 

1875 
1876 

1877 
1878 
1879 
1880 
1881 
1882 

186  700 
184  110 
148  201 
112  342 
155  000 
159  799 
132  300 
170  218 

140  597 
92  930 
107  354 
104  472 
238  000 
109  954 
126  958 
132  815 

118  045 
125  945 
123  576 
153  622 
215  500 
138  204 
118  204 
61923 

102  375 
139  426 
110  141 
106  537 
121  130 
114  645 
117  419 
87  923 

92  000 
175  555 
108  466 
129  581 
232  213 
281  124 
155  422 
266  636 

639  717 
717  966 
597  738 
606  654 
961  863. 
803  726- 
650  303 
719  530 

Total .  . 

5,697  498 

These  renewals,  for  the  eight  years  tabulated,  average  712  187  ties  a 
year,  and  as  during  that  time  the  road  was  operating  an  average  of 
1  329  miles  of  main  tracks,  and  of  406  miles  of  side  tracks,  there  were 
during  that  time  approximately  3  520  000  ties  in  the  main  track  and 
some  1  060  000  ties  in  sidings,  a  total  of  4  680  000  ties  on  the  whole  line. 
This,  divided  by  the  712,187  which  were  replaced  on  an  average  each 
year,  gives  an  average  life  of  6^  years  each  for  the  unprepared  ties  here- 
tofore used  on  the  road. 
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I  believe,  however,  that  in  point  of  fact  the  average  life  of  ties  is 
about  5£  or  5i  years  in  the  main  tracks,  and  about  8  years  in  sidetracks, 
where  they  are  allowed  to  remain  until  they  are  in  a  worse  condition  of 
decay,  and  where  the  lesser  running  of  trains  diminishes  their  cutting 
under  the  base  of  the  rails. 

These  ties  are  of  three  kinds  of  timber  :  white  oak,^which  costs  an 
average  of  62  cents  a  tie,  and  lasts  about  7  years  ;  chestnut,  which  costs 
an  average  of  45  cents  a  tie,  and  lasts  about  5  years  ;  and  hemlock, 
which  costs  an  average  of  28  cents  a  tie,  and  lasts  about  3 J  years.  To 
the  above  prices  must  be  added  some  15  cents  a  tie,  for  the  cost  of  dis- 
tributing them,  and  putting  them  in  the  track,  so  that  the  first  cost  to 
the  road,  and  the  annual  charges  are  as  follows  : 

White  oak,  cost  77c,  lasts  7  years,  annual  charge  11      cents. 
Chestnut,         "     60c,     "      5      "  "  "       12 

Hemlock,        "    43c,     "      3*    "  "  "       12.3      " 

All  experience  conclusively  proves  that  hemlock  ties  thoroughly 
Burnettized  will  outlast  unprepared  white  oak.  On  the  German  rail- 
roads, the  returns  of  several  lines  show  that  Burnettized  fir  (this  being 
the  timber  which  corresponds  to  our  hemlock)  endui'es  in  the  track  from 
14  to  15  years.  A  similar  result  has  been  obtained  in  this  country  on  the 
Lehigh  and  Susquehanna  Railroad,  on  the  Vermont  Central  Railroad,  and 
on  the  Chicago,  Rock  Island  and  Pacific  Railroad,  as  well  as  experi- 
mentally on  the  Erie  Railway  ;  and  such  failures  as  have  occurred  can 
be  directly  traced  to  improper  treatment,  such  as  attempts  to  impreg- 
nate wood  while  yet  full  of  green  sap,  or  the  use  of  too  strong  a  solution, 
which  tends  to  make  the  wood  brittle. 

In  order,  however,  to  make  sure  that  the  estimates  shall  be  eminently 
safe,  I  shall  assume  a  life  of  but  12  years  for  Burnettized  hemlock  in 
the  calculations  which  follow.  I  am  convinced  that  better  results  will  be 
attained  if  the  work  is  well  and  skillfully  done. 

I  estimate  the  cost  of  Burnettized  hemlock  ties  in  the  track  as 
follows  : 

First  cost  of  unprepared  ties 28  cents. 

Hauling  £  of  output  at  16  cents  each 4       " 

Burnettizing 25       " 

*Distributing  and  putting  in  track 15       " 

Total 72  cents. 

*  In  1874  Mr.  Albert  Fink  took  some  pains  to  ascertain  what  the  cost  of  replacing  ties 
was,  and  found  it  to  have  been  20.7  cents  per  tie  for  labor  and  4.7  cents  per  tie  for  hauling, 
a  total  of  25.4  cents  per  tie  on  877  113  ties,  put  into  the  main  stem  of  the  Louisville  and 
Nashville  R.  R.,  from  Jan.  1st,  1855,  to  June  30th,  1874. 
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The  annual  charge,  therefore,  if  they  last  12  years,  will  be  6  cents  a 
year  a  tie,  in  lieu  of  the  11  cents  a  year  a  tie  which  the  unprepared 
white  oak  ties  are  estimated  to  cost  ;  while  the  annual  charges  on  chest- 
nut and  unprepared  hemlock  are  still  greater. 

The  economy,  therefore,  of  Burnettized  hemlock  ties  over  unpre- 
pared white  oak  amounts  to  5  cents  a  tie  in  first  cost  (77-72c. )  and  to  5 
cents  a  year  a  tie  upon  the  number  in  the  track,  so  that  if  we  suppose 
two  roads  of  the  present  mileage  of  the  "Erie" — i.e.,  with  1  467  miles 
of  main  tracks  and  517  miles  of  sidings,  on  which  there  are  approxi- 
mately some  5  000  000  of  ties,  the  one  laid  with  Burnettized  hemlock 
would  save  over  the  other,  if  laid  with  unprepared  white  oak,  $250  000 
every  twelve  years  in  the  first  cost,  and  also  $250  000  a  year  in  the 
average  annual  charge  for  renewals  of  ties. 

This  economy,  however,  can  only  accrue  as  fast  as  the  road  is  relaid 
with  Burnettized  ties.  The  works  which  it  is  proposed  to  erect  will  have 
a  capacity  of  300  000  ties  a  year,  but  to  cover  mishaps  and  detentions  it 
will  be  safe  to  assume  that  only  250  000  ties  will  be  annually  prepared. 
The  annual  economy,  therefore,  will  be  a  gradually  increasing  one,  until 
the  whole  road  is  relaid  with  Burnettized  ties.  The  first  year  the  saving 
will  be  only  the  5  cents  difference  in  first  cost,  say  $12  500  for  250  000 
ties ;  the  second  year  it  will  be  $12  500  on  that  year's  purchase,  and 
$12  500  more  on  the  annual  charge  for  depreciation  of  the  250  000  ties 
put  in  during  the  previous  year.  The  third  year  the  saving  will  be 
$12  500  in  first  cost,  and  $25  000  in  annual  charges  on  the  500  000  ties 
Burnettized  during  the  previous  two  years,  and  so  on. 

The  following  table  shows  how  this  annual  economy  increases  : 

$12  500 

25  000 

37  500 

50  000 

62  500 

75  000 

87  500 

100  000 

112  500 

325  000 

137  500 

150  000 

162  500 

175  000 

187  500 

200  000 

212  500 

225  000 

237  500 

250  000 


1st  year, 

difference 

in   first 

cost  250  000 

ties  at  5c. 

2d 

first  cost 

$12  500, 

annual  charge 

$12  500 

3d 

" 

12  500, 

" 

25  000 

4th       " 

l( 

12  500, 

" 

37  500 

5th       " 

" 

12  500, 

" 

50  000 

6th       " 

" 

12  500, 

a                 t  < 

62  500 

7th       " 

" 

12  500, 

" 

75  000 

8th       " 

" 

12  500, 

" 

87  500 

9  th       " 

a 

12  500, 

" 

100  000 

10th       " 

" 

12  500, 

" 

112  500 

11th       " 

« 

12  500, 

<<               it 

125  000 

12th       " 

it 

12  500, 

" 

137  500 

13th       " 

" 

12  500, 

" 

150  000 

14th       " 

" 

12  500, 

i'        << 

162  500 

15th       " 

i  t 

12  500, 

" 

175  000 

16th       " 

" 

12  500, 

" 

187  500 

17th       " 

a 

12  500, 

t(               tt 

200  000 

18th       " 

" 

12  500, 

"        " 

212  500 

19th       " 

" 

12  500, 

c<                 tt 

225  500 

20th       " 

<< 

12  500, 

" 

237  500 
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After  the  twentieth  year,  when  all  the  ties  on  the  road  have  been  re- 
placed with  Burnettized  hemlock  (and  I  may  here  remark  that  nearly  as 
good  results  can  be  obtained  with  Bnrnettized  beech),  the  full  annual 
economy  of  $250  000  a  year  will  obtain  as  compared  with  the  present 
practice. 

Nothing  has  here  been  said  about  interest  on  the  sums  saved,  nor 
about  the  certainty  that  the  price  of  the  more  durable  timbers  will 
rapidly  advance  in  the  near  future.  Such  calculations  are  more  or  less 
fallacious,  because  the  cost  of  interest  varies,  and  because  the  cheaper 
woods  also  advance  in  price,  but  I  am  very  clear  that  it  will  be  good 
economy  to  avail  of  the  heavy  body  of  hemlock  and  beech  recently 
opened  up  by  the  extension  of  the  Bradford  Branch,  by  relaying  a  por- 
tion of  the  road  with  ties  of  those  woods,  Burnettized,  before  the  timber 
is  cut  up  for  other  uses.  Respectfully, 

O.  Chantjte, 

Chief  Engineer. 


APPENDIX    No.    18. 

Economy  of  Creosoted  Ties. 

New  York,  April  26th,  1882. 

Octave  Chanute,  Esq. , 

Chairman  of  Committee  on  Wood  Preservation,  Am.  Soc.  C.  E. 

Dear  Sir, — I  inclose  a  calculation  to  show  true  economy  in  the  use 
of  preserved  railway  ties.  This  economy  is  not  shown  in  the  first  cost, 
but  in  their  longer  life  and  in  the  relative  annual  cost  per  mile  of  track 
of  preserved  and  unpreserved  ties.  I  assume  sixteen  years  as  the  prob- 
able service  of  creosoted  soft  wood  ties,  and  eight  years  for  unpreserved 
white  oak  ties.  The  former  is  the  average  life  of  creosoted  Baltic  fir 
sleepers  on  the  railways  in  England,  where  the  traffic  is  almost  constant 
(see  Bogart's  paper,  Trans.  Am.  Soc.  C.  E.,  Vol.  VIII,  page  18)  ;  the 
latter  is  all  which  is  claimed  for  the  best  oak  ties  in  this  country,  and 
they  are  generally  dozy  and  unsafe  during  the  last  two  years  of  their 
service. 

As  it  is  sometimes  claimed  that  the  sum  representing  the  extra  cost 
of  preserving,  if  put  at  interest,  would  yield  enough  to  replace  unpre- 
served ties  when  rotten,  I  make  the  calculations  at  compound  interest. 

Example. — Relative  cost  per  mile  of  track  of  white  oak  ties  Gr  80 
cents  each,  and  creosoted  soft  wood  ties  @  90  cents*  each,  the  quotations 
at  the  present  time. 


*  As  the  price  of  creosote  at  the  time  of  this  publication  is  lower  than  in  1882,  the  prico 
at  which  tics  could  be  creosoted  is  less  in  proportion. 
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April  1st,  1882.     Cost  of  2  GOO  creosoted  soft  wood  ties, 
@  90  cents  each,  for  one  mile  of 

track $2  340.00 

Compound  interest  at  6  per  cent,  for 

eight  years 1380.60 

S3  720.60 
Cost  of  2  600  best  quality  white  oak 

ties,  @  80  cents $2  080.00 

Compound  interest  for  eight  years. . .      1  233.44         3  313.44 


April  1st,  1890.  Cost  of  2  600  creosoted  soft  wood  ties 
at  the  end  of  eight  years'  service, 
already  in  place,  and  good  for  eight 
years  more $407. 16> 

Cost  of  2  600  new  white  oak  ties  to  re- 
place those  laid  in  1882,  @  80  cents 
each $2  080.00 

Cost  of  transportation  and  relaying,  @ 

15  cents  each 390.00 

$2  470.00 
"  Compound  interest  for  eight  years,  @ 

6  per  cent,  on  $2  470. 00 1  464.71 

Compound  interest  on  cost  of  2  600 
creosoted  ties,  good  for  eight  years, 

$407.16 241.44 

April  1st,  1898.  Balance  in  favor  of  soft  wood  ties  per 
mile  of  track  during  service  of  six- 
teen years 3  286 .  11 


934.71       $3  934.71 


Further,  the  annual  cost  for  ties  per  mile  of  track  laid  with  best 
white  oak  ties,  @  80  cents  each,  during  a  period  of  sixteen  years, 

is $453.01 

Ditto,  of  creosoted  soft  wood  ties,  @  90  cents  each,  is $241 .  31 

Balance  in  favor  of  creosoted  soft  wood  ties  per  annum, 

dui'ing  a  period  of  sixteen  years,  is 211 .  70 

$453.01   $453.01 
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That  the  life  of  creosoted  soft  wood  ties  in  this  country  will  prob- 
ably be  sixteen  years  seems  evident  from  the  experience  on  the  Central 
New  Jersey  Railroad,  which  has  had  laid  in  its  main  line,  and  under  very 
heavy  traffic,  10  000  creosoted  Virginia  pine  ties  during  the  past  six 
years,  and,  so  far,  they  show  no  signs  of  cutting  under  the  rail,  and  are 
perfectly  sound  and  apparently  good  for  ten  years  more  service. 

From  the  above  figures  it  appears  that  the  cost  of  the  creosoted  ties- 
for  the  ninth  year  is  8407.16  per  mile,  or  about  equal  to  the  annual  cost 
of  white  oak  ties  dining  the  first  term  of  eight  years,  i.  e.,  $114.18. 
Hence,  if  under  the  heavy  rolling  stock  at  present  in  use  the  creosoted 
soft  wood  ties  will  not  last  sixteen  years,  they  will  effect  a  saving  of 
$414.18  per  mile  of  track  for  each  and  every  year  of  service  beyond  nine 
years. 

A  service  of  sixteen  years  is  allowed  for  trunk  roads  with  very  heavy 
traffic,  but  on  roads  with  smaller  business  and  with  less  wear  on  the  ties, 
if  absorbent  woods  be  used,  so  that  the  treatment  of  the  ties  can  be 
thoroughly  done,  it  is  safe  to  claim  for  creosoted  ties  a  service  of  twenty- 
four  years.  (The  English  ties  belonging  to  the  Society  are  perfectly 
sound  after  twenty  and  twenty-two  years  wear,  even  on  the  London  and 
Northeastern  and  the  Southwestern  Railways,  where  they  were  subjected 
to  the  whole  immense  traffic  of  those  roads.)  On  a  lower  estimate  for 
white  oak  ties,  say  60  cents  each,  and  an  assumed  life  for  creosoted  soft 
wood  ties  of  twenty-four  years  and  costing  90  cents  each,  the  annual 
cost  of  white  oak  ties  lasting  eight  years,  requiring  two  renewals,  with 
an  additional  charge  of  15  cents  per  tie  for  expense  of  transportation 

and  relaying  at  each  renewal  would  be $227 .  50 

While  that  of  creosoted  soft  wood  ties  would  be  only 97 .  50 

An  annual  saving  per  mile  of  track  of $130 .00 

I  realize  that  the  above  figures  and  considerations  will  not  be  ap- 
plicable in  every  case,  but  I  hope  they  may  serve  to  induce  engineers  to 
give  a  careful  consideration  to  one  of  the  most  effective  means  of  reduc- 
ing the  expenses  of  railway  road-beds. 

Yours  truly, 

Edward  R.  Andrews, 

Assoc.  Am.  Soc.  C.  E. 
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APPENDIX  No.   19. 
Economy  of  Preserving  Timber. 
By  B.  M.  Harrod,  M.  Am.  Soc.  C.  E. 

The  discussion  of  the  methods  and  results  of  preserving  timber  leads 
to  the  question  of  relative  economy,  and  when  they  can  be  profitably 
used.  To  make  this  clear,  a  statement  has  been  prepared  with  regard  to 
two  of  the  most  important  uses  of  timber,  viz.,  cross-ties  and  bridges, 
showing  what  increase  of  life  or  duration,  under  processes  of  different 
cost,  is  necessary  to  justify  their  use,  by  economic  considerations.  The 
prices  and  duration  assumed  are  intended  to  be  a  fair  average  of  those 
prevailing  throughout  the  country.  The  method  of  computation  can,  of 
■course,  be  applied  to  figures  altered  to  suit  different  localities  and  cir- 
cumstances. 

If  unpreserved  ties  cost  40  cents  to  deliver,  and  15  cents  to  lay,  spike 
and  tamp,  2  600  can  be  laid  to  the  mile  at  a  cost  of  $1 430.  Assuming 
five  years  as  the  average  life  of  such  ties,  520  of  them  must  be  renewed 
annually. 

Each  one  will  cost,  in  place,  say  65  cents,  or  10  cents  more  for  relay- 
ing than  for  the  first  laying,  amounting  to  $338,  annually,  per  mile. 
This  sum,  capitalized  at  6  per  cent.,  is  $5  633.33.  Now,  the  original 
cost  of  ties,  plus  a  capital  whose  interest  will  maintain  them,  can  be 
fairly  considered  a  fixed  sum,  from  which  the  relative  economy  and  re- 
quired life  of  preserved  ties  can  be  deduced.  This,  as  estimated  above 
($1  430  +  $5  633.33),  is  $7  063.33  per  mile. 

Now,  assuming  that  a  tie  costing  40  cents  can  be  carried  to  and  from 
the  preserving  works  for  5  cents,  and  preserved  for  20  cents,  and  laid  for 
15  cents  (total  80  cents),  we  have  $2  080  as  the  first  cost  of  2  600  ties  in  a 
mile.  This,  deducted  from  the  fixed  sum,  leaves  $4  983.33,  capitalized, 
for  maintenance,  producing  $299  per  annum  at  6  per  cent.  With  a  re- 
newed tie  costing  40  cents,  preservation  20  cents,  extra  transportation 
5  cents,  and  relaying  25  cents  (total  90  cents),  the  interest  on  the 
balance  for  maintenance  ($299)  is  only  sufficient  for  332.22  new  ties  per 
mile,  or  1  in  each  7.83,  annually.  It  is  therefore  necessary,  in  order  to 
justify  a  cost  of  preservation  of  20  cents  per  tie  (or  of  25  cents,  transpor- 
tation included),  that  the  average  life  of  each  should  be  7.83  instead  of 
5  years,  or  an  increase  of  two  years  and  ten  months. 

In  like  manner  we  find  that  a  cost  of  preservation  of  40  cents  per  tie 
must  insure  an  average  life  of  10.68  years;  a  cost  of  60  cents  a  life  of 
14.29  years;  a  cost  of  80  cents  a  life  of  18.99  yeai-s,  and  a  cost  of  $1  a  life 
of  25.37  years.    Also,  that  an  indestructible  tie  is  worth,  in  place,  $2.72. 

These  results  can  be  checked  in  a  table,  as  follows: 
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First  Cos- 1.  Interest.  Juuual  Reue«alc  G  p"'  ',1.'.!1':, 

ou  $7  063.33. 

($1  430  at  0  per  cent.  =  $85  8(A   +    /  2  60°  =  520.00  at      .65  =  $338.00')  =  $423.80 

(   2  080      "        "  =  124.80)   +    C4GU-    =   332.C2  "        .90  =     298.80) 

(  2  600     "        "  =156.00)   -f   (JL6^0   =  243.45"   $1.10=     267. 80 )  =     423 

(    3  120      "         "  =  187.20 )    +    /  2  6°°   =   182.00  "      1.30  =     236. 60  )  =      423 

(   3  640      "        "  =  218.40 "I  +   (  2  60°   =   136.93  "      1.50  =     205. 40^  = 

V  /         V  18.99  ) 

(    4  160      ■'         "  =  249.60 )    -f    (  2  600   =   102.47  "      1.70=     174. 20)  = 


423.80 


=      423.80 
423.80 


If  we  assume  the  cost  of  bridge  timber  at  $15  per  thousand,  its  fram- 
ing at  $15,  and  its  average  life  at  seven  years,  we  find,  by  applying  a 
similar  computation  to  100  000  feet,  that  a  cost  of  preservation  of  $5  per 
thousand  requires  a  life  of  8.8  years;  a  cost  of  $10  a  life  of  10.85  years;  a 
cost  of  $15  a  life  of  13.3  years;  a  cost  of  $20. a  life  of  16.2  years,  and 
finally,  a  cost  of  $25  a  life  of  19.7  years  to  justify  its  use. 

The  rigid  application  of  such  a  statement  as  this  would  be  modified 
by  certain  general  considerations  which  are  sufficiently  obvious. 

The  more  inferior  the  material,  or  the  more  exposed  the  situation, 
the  greater  is  the  relative  importance  of  preservative  processes.  Five 
years  additional  life  doubles  the  value  of  material  which,  unprepared, 
would  only  last  five  years,  while  it  only  adds  50  per  cent,  to  the  value 
of  material  naturally  good  for  ten  years.  Under  this  consideration,  the 
inferior  pines,  gums,  and  even  cottonwood,  might  be  used  for  ties. 

Again,  difficulty  of  access  for  inspection  or  repair  is  a  good  reason  for 
preservation,  even  when  its  immediate  economy  is  not  apparent.  This 
would  aj)ply  to  piles  and  bedded  or  concealed  sleepers. 

Also,  the  use  of  more  enduring  materials  reduces  the  cost  of  main- 
tenance of  engineering  constructions  in  various  indirect  ways  that  are 
difficult  of  estimate  in  a  general  statement.  For  instance,  if  cross-ties 
lasted  twelve  years,  instead  of  five,  five  men  could  do  the  work  of  re- 
placing over  a  length  of  road  that  now  requires  twelve  men. 

Under  the  present  rate  of  consumption,  such  scarcity  of  raw  material 
as  will  very  greatly  enhance  its  value  is  in  the  near  future.  There  is  a 
wise  economy  in  limiting  the  use  of  our  wood-land  wealth  to  the  rate  at 
which  it  accumulates,  as  well  as  in  preventing  other  well-attested  evils 
that  will  surely  follow  the  deforesting  of  the  national  domain. 

It  is  therefore  reasonable  to  claim  that  when  the  economy  of  pre- 
served and  of  unpreserved  lumber,  based  on  relative  cost  and  durability, 
appears  evenly  balanced,  there  are  still  reasons,  perhaps  remote,  but 
certainly  valid,  why  a  preference  should  be  given  the  former. 
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APPENDIX  No.  20. 

FoKMULzE  FOR  COMPUTING  COMPARATIVE  ECONOMY  01?  EaILEOAD  TlES. 

By  the  late  Ashbel  Welch,  Past  President  Am.  Soc.  C.  E. 

In  finding  the  comparative  economy  of  railroad  ties  of  different  prices 
and  durabilities,  we  may  either  suppose  that  they  will,  on  giving  out, 
be  replaced  by  the  same  kind  in  the  future  indefinitely,  or  we  may  con- 
fine our  comparison  to  the  ties  used  at  the  present  time. 

In  the  former  case  we  find  the  present  value  of  the  sum  of  the  advan- 
tages of  an  indefinite  succession  of  one  kind  over  another,  in  the  latter 
case  we  find  the  present  value  of  the  advantage  that  a  single  tie  of  one 
kind  has  over  another.  The  amount  of  advantage  will  therefore  be 
greater  in  the  former  case  than  in  the  latter. 

Let  IF  be  the  cost,  and  let  it  also  be  assumed  to  be  the  true  value  of 
a  white  oak  tie  tbat  will  last  in  the  track  where  it  is  to  be  placed  the 
time  T,  including  in  the  cost  transportation,  handling,  use  of  storage 
room,  interest  between  the  time  of  payment  and  use,  putting  into  the 
track  and  all  other  expenses. 

And  let  a  be  the  rate  of  accumulated  compound  interest  for  the  time  T. 

Let  c  be  the  ccst  of  some  other  kind  of  tie  that  will  last  in  the  same 
track  the  time  J",  including  all  expenses  as  above,  and  also  any  cost  of 
treatment  for  preserving  it,  and  any  excess  in  handling,  use  of  storage 
room  and  interest  while  being  treated  ;  and  let  a'  be  the  rate  of  accumu- 
lated compound  interest  for  the  time  T' '. 

Let  us  first  suppose  that  whatever  tie  is  adopted  is  to  be  replaced  in 
perpetual  succession  by  the  same  kind  of  tie,  and  that  costs  and  dura- 
tions remain  constant. 

Let  L  be  the  loss  on  renewal  of  the  white  oak  tie,  and  L'  of  the  other 
kind  being  the  total  cost  of  the  tie  laid  in  the  track,  including  the  same 
kind  of  charges  as  above,  and  taking  out  the  old  tie  and  putting  in  the 
new,  the  loss  on  spikes  and  injury  to  rails  while  making  the  change,  and 
all  interruptions  and  ribks,  and  deducting  the  value,  if  any,  of  the  old 
tie. 

Also  let  Fbe  the  value  of  a  tie  that  in  the  same  track,  all  things  re- 
maining constant,  would  last  forever,  and  let  R  be  the  real  value  for  that 
track  of  the  other  kind  of  tie  as  compared  with  the  unpreserved  white 
oak  tie. 

Then  the  differences  between  c  and  R  will  be  the  advantage  or  dis- 
advantage of  the  other  kind  of  tie  in  comparison  with  the  white  oak. 

The  current  charge  against  the  white  oak  tie  after  renewal  at  the  end  of 
the  term  Tis  a  TP-f-  L.  Against  an  indestructible  tie  it  would  be  a  V.  But 
in  order  that  one  shall  be  just  as  advantageous  as  the  other,  their  current 
costs  must  be  equal,  so  that  a  V  =  a  W  -\-  L,  and  dividing  by  a  we  have 

v=  w+—  • 
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In  the  same  way  we  Lave  a'  V  —  a'  R -\-  L'  and  V=  R  -| and 

R  =  Tr —  —7-  in   order  to  make  .ft,  or  what  would  be   the  cost  of  the 
a 

other  kind  of  tie,  just  as  advantageous  as  the  white  oak. 

Let  TT=0.80,  T=  7,  L  =  0.80,  c  =  0.65. 

7"  =  5  and  £'  =  0.65. 

If  interest  is  7  per  cent.,  a  =  0.62  and  a'  =  0.41. 

Then  F=  0.80 -f^=  2.09  and  i?  =  V—  K  =  2.09  —  ^=0-505- 
1    0.62  a  0.41 

So  that  for  perpetuation  in  that  track,  traffic  and  prices  being  con- 
stunt,  the  tie  (chestnut)  that  costs  65  cents  is  only  worth  50j  cents. 

Suppcsa  c  =  0.45,  T '  =  3.5,  L'  =  0.45,  and  a'  =  0.272,  the  interest  for 
3£  years. 

Then  R  =  V—  ~  =  2.09  —  .-J^S-  =  0.436, 
a  0.272 

or  within  less  than  a  cent  and  a  half  of  the  cost  of  tlie  hemlock  tie,  i.  e., 
45  cents. 

If  we  compare  the  ties  for  their  own  lifetimes  the  differences  will  not 
be  so  great. 

The  economic  depreciation  of  the  white  oak  tie  (which  may  differ  widely 
from  the  physical  depreciation)  at  the  end  of  the  time  T'  when  its  com- 
petitor gives  out  is  a  V —  a'  W.  This  is  equal  in  the  case  of  the  chestnut 
tie  to  (0.41  X  2.09)  —  (0.41  X  0.80)  =  0.53  the  present  value  of  which  is 

0.53 
1  +  0.41 

for  that  time  = ,   .,  ' —  =  0.23,  and  we  have  the  true  value  of  the 

1.41 

chestnut  tie  =  0.609,  or  a  little  over  four  cents  less  than  it  costs. 

The  economic  depreciation  of   the  white  oak  tie  in  the  lifetime  of  the 

hemlock  tie,  3^  years,  is  (0.272  x  2.09)  —  (0.272  x  0.80)  =0.35  ;  to  which 

add  accumulated  interest  for  3£  years,  or  say  :  (0.80  X  0.272)  =0.2176, 

which  makes  0.5676,  the  present  value  of  which  is         '     ,._      =0.446, 

JL  -|-  U.  Jt  i'Z 

this  being  the  relative  value  of  the  hemlock  tie,  which  is  less  than  half  a 
cent  less  than  its  cost. 

If  the  white  oak  can  be  made  to  last  14  years  by  some  treatment,  it 
would  be  worth  for  perpetuation,  supposing  its  renewal  costs  its  present 

time  value  R  =  V =-~^  ;  (1.62  being  the  accumulated  interest  for  14 

years).  Hence  2.62  R  =  1.62  X  2.09  and  #=1.29.  So  that  it  would 
pay  to  spend  49  cents  on  the  white  oak  tie  in  order  to  double  its  life- 
time. 

The  economic  depreciation  of  one  white  oak  tie  or  any  other  whose 
cost  was  its  true  value,  for  the  lifetime  of  any  other  tie  T'  is  a    V —  a    W. 


=  0.376.     Add  to  this  the  present  value  of  accumulated  interest 
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The  accumulated  interest  on  the  cost  of  W  up  to  the  same  time  is  a'  W. 

To  get  the  present  value  of  each  of  these  we  divide  by  1  -f-  a',  the 

sum  of  the  quotients  being  the  real  value  of  a  tie  that  will  last  the  time 

T' '.     But  we  may  as  well  add  the  depreciation  and  interest  together  and 

divide  the  sum  by  1  -f  «'• 

_.  Va  — a    W-\-a'W 

Thus     —     — 5— r — r1 is  the  result  we  want,  but  we  see  on 

1  +  a 

Y  a 
inspection  that  this  equation  is  equal  to  -y— - — -  and  get  a  simpler  equa- 
tion.    Assuming  the  longer  lived  tie  to  cost  its  true  value,  then  the  true 

a'V 

value  of  the  shorter  lived  tie  is  =  - — ; — ,' 

1  +  a 
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By  F.  Collixgwood,  M.  Am.  Soc.  C.  E. 
Head  at  the  Annuax  Convention,  June  25th,  1885. 
(Being  Appendix  No.  1,  presented  with  the  Beport  of  the  Committee 
on  the  Preservation  of  Timber. ) 


At  the  Washington  meeting  of  the  Society,  the  writer  had  the  task 
assigned  him  of  preparing  an  appendix  to  the  report  on  Preservation  of 
Timber,  in  which  should  be  presented,  in  brief  form,  such  facts  as  are 
obtainable  respecting  the  necessity  for  exercising  economy  in  the  use  of 
forest  products,  liecan.se  of  the  very  rapid  extinction  of  forests  over 
considerable  areas  of  our  country,  and  the  apparent  possibility  of  what 
might  be  called  a  wood  famine.* 

Important  as  the  subject  is,  the  information  to  be  had  is  on  many 
points  exceedingly  vague  and  unsatisfactory,  and  of  so  general  a  char- 
acter as  to  afford  but  little  basis  for  exact  estimates. 

*  This  matter  •«  I  in  the  spring  of  1884,  before  the  ninth  volume  ol  thi    U.S. 

Census  whs  in  print.    The  writer  would  refer  to  the  latter  for  additional  Information  i 
subjects  treated,  although  it  isnotsu  iterially  tin- conclusions  drawn.    The 

writer  holds  very  positive  views  as  to  the  value  of  forests  in  ameliorating  lo 
conditions,  but  was  requested  by  the  chairman  to  be  as  brief  as  po  refore 

confines  himself  rigidly  to  the  economic  side-  of  the  question. 
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In  connection  with  the  last  census,  arrangements  were  made  under 
the  intelligent  leadership  of  Prof.  C.  S.  Sargent,  of  Harvard,  for  a 
series  of  exhaustive  reports,  which  were  to  cover  the  whole  area  of  the 
United  States.  The  final  report  has  not  yet  been  published,  and  there 
are  many  gaps  not  filled  by  the  bulletins  thus  far  issued.  Other  sources 
of  information  consulted  have  been  the  series  of  valuable  papers  pre- 
sented at  the  Montreal  meeting  of  the  American  Forestry  Congress, 
maps,  cyclopaedias  and  newspaper  articles.  The  statistics  are  quite  full 
in  regard  to  the  available  supply  and  annual  cut  of  white  pine,  and  the 
several  species  of  Southern  pine  suitable  for  timber  ;  less  complete  as  to 
cedar,  spruce,  tamarack  and  hemlock,  and  very  incomplete  as  to  black 
walnut,  ash,  oak  and  other  bard  and  soft  woods. 

To  form  any  intelligent  conclusions  it  is  necessary  to  consider  the 
subject  in  detail. 

Taking  white  pine  (pinus  strobus)  first,  as  being  at  present 
the  most  important  commercially,  we  learn  that  its  original  area  of 
distribution  was,  in  Canada,  from  about  the  50th  degree  of  north  latitude 
south  to  the  boundary,  east  to  the  Gulf  of  Newfoundland,  and  west  to 
about  Lake  Winnipeg.  In  the  United  States  it  occupied  portions  of 
Minnesota,  Wisconsin,  most  of  Michigan,  Pennsylvania,  New  York 
and  the  Eastern  States,  and  extended  south  in  the  Allegheny  Mountains 
to  Northern  Georgia. 

The  supply  and  the  amount  cut  in  the  census  year  ending  May  31st, 
1880,  are  given  in  the  following  table  : 


State. 

Amount  now  Standing. 

Cut  in  Census  Year. 

Years  of  Supply 
at  same  rate. 

Minnesota 

Feet,  B.  M. 

s  no  ooo  ooo 

29  000  000  000 

6  000  000  000 

41  000  000  000 

Feet,  B.  M. 
540  997  000 

4  085  213  000 
328  438  000 

2  097  299  000 

380  000  000 

138  825  000 

2d   growth.  ) 

99  409  000  \ 

2d  growth.  \ 

6  505  000  f 

180  112  000 

11   years. 

7       " 
19 
20 

t 
Upper         " 

Wisconsin 

Maine 

1  8i'0  COO  000 
4*75  000  000 
Original  pine  all  cut. 

5 
3 

Vermont 

990  000  000 

5        " 

Totals 

87  435  000  000 

Omitting  2d  growth. 
7  750"8S4  000 

11 
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"We  thus  arrive  at  the  astonishing  result  that  in  so  far  as  the  supply 
of  first  growth  white  pine  is  concerned,  it  will  be  practically  exhausted 
in  11  years.  The  amounts  standing  in  New  York  and  other  States,  not 
mentioned  above,  are  not  large  enough  to  change  this  result,  and  the 
cut  in  the  three  States  first  named  has  greatly  increased  in  the  three 
years  succeeding  1880.  Even  if  the  supply  be  double  what  it  is  esti- 
mated, the  necessity  is  already  upon  us  of  conserving  to  the  uttermost 
tin  so  most  valuable  of  our  forest  trees.  "The  lumber  cut  in  a  single 
year  from  the  district  of  Michigan,  Wisconsin  and  Minnesota  would  load 
a  train  of  cars  nearly  7  000  miles  in  length,  and  a  single  mill  in  Michi- 
gan made  160  000  000  shingles  in  the  same  time." 

It  is  well  known  that  from  this  district,  with  Canada,  our  lumber 
yards  now  draw  the  most  of  their  supplies.  It  is  only  necessary  to  visit 
the  southern  shore  of  Lake  Superior,  Minneapolis  and  other  lumber 
centers  in  the  vicinity,  and  see  the  exceedingly  rapid  increase  of  the 
trade  year  by  year,  to  become  convinced  that  the  estimate  given  as  to 
time  of  extinction  of  white  pine  in  the  United  States  cannot  be  far 
wrong. 

As  to  the  Canadian  supply,  Mr.  Ward,  an  intelligent,  practical  lumber- 
man, places  the  annual  cut  of  pine  lumber  at  2  000  000  000  ft.,  b.  m.  Of 
this  nine- tenths  is  exported.  The  area  annually  cut  over  is  about 
1  700  square  miles. 

Prof.  Hough,  of  Ontario,  says  all  the  timber  (meaning,  I  presume, 
pine)  will  be  cut  in  Canada  by  the  end  of  the  present  century. 

It  is  stated  that  lumber  is  now  being  cut  from  points  200  to  300  miles 
north  of  the  St.  Lawrence,  or  nearly  to  the  extreme  northern  limits  of 
the  pine. 

The  statistics  of  the  red  pine  are  not  given,  although  in  the  North  it 
is  next  in  commercial  importance  to  the  white  pine. 

Passing  to  the  various  Southern  pines,  the  species  of  value  are  princi- 
pally two  :  the  long-leaved  or  yellow  pine  (pinus  palustris),  forming  ex- 
tensive forests  in  North  and  South  Carolina,  Florida  and  the  Gulf 
States;  and  the  short-leaved  or  spruce  pine  (pinus  mitts),  occurring  in 
all  the  Atlantic  States  south  of  New  York,  in  Arkansas  and  in  the  Gulf 
States.     Statistics  are  given  as  follows  : 
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Years  will 
Long-leaved  j  Cut  in  the  I  Short-leaved  Cut  in  the.  last,  both 
Pine  Supply.      Census  Year.       Pine  Supply.     Census  Year  j       kinds 

together. 


Ft.,  B.  M. 
20  508  200  000 

6  615  000  000 
18  885  000  000 
17  200  000  000 

5  229  000  000 
26  58S  000  000 

16  778  000  000 

Ft.,  B.  M. 
66  450  000 

208  054  000 

245  396  000 

108  000  000 

10S  411  000 

61  8S2  000 

272  473  000 

Ft.,  B.  M. 
26  093  000  000 

Ft.,  B.  M. 
146  420  000 

Years. 
219 

32 

2  307  000  000 
0  775  000  000 

87 

7  775  000 

115 

48 



21  625  000  000 

(Estimated  from 
Bulletin  map.) 

2  500  000  000 

41  315  000  000 

(Estimated  from 
Bulletin  map.) 

1  000  000  000 

22  709  000 

28  335  000 
129  781  O00 

61 

319 

youth  Carolina 

5  316  000  000 

By  estimation. 
(?)10  000  000  COO 

124  492  000 

50 

'limber  omitted  as 
having  been  dam- 
aged by  abstrac- 

Total 

127  119  200  000 

1,195  158  000 

101  615  200  000 

335  0J0  000 

15D 

The  other  States  furnishing  more  or  less  of  these  pines  are  Tennessee 
and  Virginia  ;  but  it  is  very  safe  to  say  that  if  included  in  the  statement 
they  would  actually  reduce  the  average.  From  the  time  that  white  pine 
began  to  be  scarce  in  the  oldest  settled  States  the  use  of  Southern  pine 
has  been  steadily  increasing.  Yellow  pine,  spruce  and  hemlock  are 
coming  more  and  more  into  use,  and  to  the  exclusion  of  white  pine  for 
many  purposes.  The  long-leaved  pine  furnishes  the  tar,  resin  and  tur- 
pentine of  commerce  ;  and  trees  tapped  for  this  purpose  are  estimated  to 
lose  20  per  cent,  of  their  value  for  timber. 

A  third  species,  the  loblolly,  or  spruce  pine  (pinus  taeda),  is  found 
from  Virginia  to  Florida,  and  west  to  southeastern  Texas.  It  grows  up 
quickly  also  on  lands  which  have  been  exhausted  by  cultivation.  The 
timber  is,  however,  of  inferior  quality,  and  subject  to  rapid  decay.  In 
Texas  alone  the  supply  is  estimated  at  21  000  000  000  ft.,  b.  m.,  and  the 
cut  at  Gl  570  000  ft.  in  the  census  year. 

In  the  extreme  West,  the  Rocky  Mountains  and  the  Sierras,  are 
several  other  species  of  pine,  of  large  size,  and  valuable  for  timber,  but 
no  statistics  are  given.  Among  these  are  the  pinus  ponderosa,  growing 
to  300  ft.  high  and  15  ft.  diameter  ;  the  pinus  Jeffrey  i,  reaching  200  ft. 
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high  and  10  ft.  diameter  ;  the  sugar  pine,  largest  specimens  300  ft.  high, 
20  (t.  diameter,  and  GOO  years  old,  "timber  very  valuable  and  the  tree 
fast  becoming  exterminated;''  and  several  smaller  species. 

O  the  red-wool  of  California  there  is  an  estimated  supply  of 
25  825  000  000  ft.,  and  the  cut  in  the  census  year  was  186  635  000  ft. 
The  use  of  it  is  rapidly  increasing. 

Of  spruce  definite  returns  are  given  as  follows  : 

Supply  Cut  in  its  of 

Remaining.  Census  Year.  Supply. 

Ft..  B.  M.  Ft.,  13.  M.  Years. 

Maine 5  000  000  000  301020  000  17 

New  Hampshire 1  510  000  000  153  175  000  10 

Vermont 755  000  000  199  086  000  4 

The  New  York  market  has  drawn  its  supplies  from  these  States,  but 
it  is  manifest  that  a  source  more  remote  must  soon  be  sought.  The 
spruce  in  some  of  its  species  extends  north  far  beyond  the  pine,  reach- 
ing to  the  Arctic  Ocean,  near  the  mouth  of  the  Mackenzie  River.  Its 
range  otherwise  is  about  the  same  as  the  white  pine,  and  it  is  found  in 
the  Alleghenies  as  far  south  as  North  Carolina.  Other  species  valuable 
for  timber  are  found  in  the  extreme  West,  extending  from  California  and 
New  Mexico  through  Oregon,  Washington,  Alaska,  and  probably  to  the 
Arctic  Ocean.  The  timber  from  the  spruces,  firs,  larches  and  cedars 
will  be  immense  in  quantity  and  of  great  value.* 

The  next  statistics  refer  principally  to  the  common  hemlock.  The 
range  of  this  is  "from  New  Brunswick  and  Northern  New  England 
westward,  crossing  the  St.  Lawrence  near  Quebec,"  and  extending 
around  the  great  lakes  to  the  western  end  of  Lake  Superior. 

Its  southern  limits  are  much  the  same  as  spruce,  it  being  found  in 
the  mountains  of  North  Carolina. 

There  are  several  valuable  species  of  hemlock  in  the  extreme  West, 
growing  to  large  size,  and  having  a  wide  range  of  distribution. 

The   statistics   given   are   of    the   common    hemlock,    and   are    very 

meager. 

Supply 
a        i_  *i.    t»  •«»  Cut  in  will  Last. 

Supply,  ft,  B.  M.  census  Year. 

Lower  Michigan 7  000  000  000  

Pennsylvania 4  500  000  000  300  000  000  1 5 

*  In  Upper  Michigan  alone  the  estimate  of  the  supply  of  tamarack,  white  and  yellow 

cedar  is  02  500  000  ci  i  '0  ooo  ooo  ft.,  b.  m. 


Cut  in 
Census  Year.* 

Supply  will 
Last  at 
tliis  Bate. 
Years. 

40  800  000 

2  170 

520  307  000 

1  700 

1  145  000 

155  872  000 
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The  only  estimates  of  hard  wood  given  are  the  following- 


Supply  in  ft.,  B.M. 

Minnesota 88  473  000  000 

Lower  Michigan 883  968  000  000 

Upper  Michigan 191  232  000  000 

Wisconsin 

In  Oregon,  Washington,  California  and  Alaska  there  are  great  areas 
of  timber  of  all  kinds,  considerable  portions  of  which  are  estimated  as 
containing  50  000  feet,  board  measure,  to  the  acre,  and  over.  Fifteen  cords 
of  hard  wood,  or  23  000  feet,  board  measure,  per  acre,  is  a  good  yield 
in  the  East,  and  one  writer  estimates  the  average  yield  of  pine  from 
Canada  pine  lands  at  only  2  000  feet  per  acre.  An  estimate  of  the 
average  yield  of  white  pine  from  two  counties  in  Pennsylvania  gave  4  000 
feet  per  acre. 

The  total  amount  of  lumber  cut  in  the  United  States  for  the  census 
year  is  given  at  18  091  000  000  feet,  b.  m.  In  addition  were  1  762  000  000 
laths,  5  555  000  000  shingles,  1  248  000  000  staves,  etc.  The  total  con- 
sumption of  wood  for  fuel,  including  about  1  000  000  cords  for  char- 
coal, is  estimated  at  145  778  137  cords,  f  This  would  consume  all  the 
hard  wood  in  the  State  of  Michigan  in  about  five  years. 

A  writer  in  the  Railway  Review  says:  On  extra  good  wood  lands 
there  are  270  ties  to  the  acre,  but  the  average  is  scarcely  160. 

There  are  now,  he  says,  on  the  railroads  in  the  United  States, 
335  000  000  ties,  requiring  3  272  square  miles  to  be  cut  over  every  six  years 
to  supply  them,  or  an  area  equal  to  about  two-thirds  that  of  Connecti- 
cut. 

Another  writer  makes  the  area  one- third  of  this  for  heavily  timbered 
land. 

Still  another  estimate  (by  one  of  the  Committee  on  Preservation 
of  Timber)  is,  that  there  are  now  200  000  miles  of  track  in  the  United 
States,  with  2  500  ties  per  mile,  or  500  000  000  ties  in  use.  Prof.  Hough 
states,  in  a  report  on  the  "  Durability  of  Cross  Tie  Timbers,"  that  it  re- 
quires 17  000  000  acres,  or  26  500  square  miles  of  forest,  to  furnish  the 
present  demand  of  the  railroads  in  the  United  States  for  ties.  This  is 
evidently  on  the  supposition  that  about  40  years  are  required  for  trees 
to  grow  to  the  required  size. 

It  is  estimated  that  a  strip  of  land  200  feet  wide  along  each  mile  of 
road,  heavily  planted  with  trees,  would  furnish  this  supply. 

*  This  is  inclusive  of  amounts  cut  for  staves  and  headings.  In  the  case  of  Upper  Michi- 
gan it  is  stated  that  it  does  not  include  fuel  and  railroad  ties,  and  presumably  this  is  true 
for  the  other  States. 

t  This  reduced  to  feet,  b.  in.,  gives  224  000  000  000  feet  in  round  numbers,  or  about  12 
times  the  amount  of  wood  cut  into  lumber. 
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Other  drains  on  our  forests  arise  from  farm  fencing,  telegraph  and 
other  electrical  lines,  tunneling,  mining  operations,  piling  and  other 
engineering  operations,  ship  building,  etc. 

As  to  notes  respecting  scarcity,  we  find  remarks  as  follows : 

Dr.  Chas.  Mohr,  of  Mobile,  says:  "  The  white  oak  is  becoming  scarce 
in  densely  settled  districts.  The  invasion  and  partial  destruction  of 
large  sections  of  forest  on  the  lands  of  the  government  near  the  railroad 
lines  through  the  mountains  of  North  Alabama  has  been  very  extensive, 
and  the  supplies  are  getting  rapidly  exhausted  by  the  constantly  increas- 
ing demand." 

Of  the  chestnut  in  the  same  region  he  says:  "  Trees  of  the  finest  pro- 
portions are  ruthlessly  cut  down  for  their  fruit,  and  the  demand  for  its 
timber  for  fencing  has  also  led  to  its  extinction  near  the  settlements. 
The  trees  would  be  rapidly  reproduced  from  the  quick-growing  sprouts 
if  they  were  not  destroyed  by  the  forest  fires." 

Of  black  walnut  he  says:  "In  Alabama  it  is  getting  scarce;  fine 
tracts  are  at  present  destroyed  (burned,  I  suppose  he  means)  in  districts 
remote  from  transportation.^' 

The  live  oak  "has  almost  ceased  to  exist  as  a  timber  resource." 

The  basket  oak,  taking  the  place  in  the  South,  for  carriage  building, 
&c,  of  our  white  oak,  "is  rapidly  passing  away." 

The  waste  spoken  of  here  is  not  confined  to  Alabama.  Vast  quanti- 
ties of  hemlock  in  the  North  have  been  destroyed  for  nothing  but  the 
bark,  and  in  newly  settled  regions  great  quantities  of  wood  of  various 
kinds  are  burned  for  the  purpose  of  clearing  the  land. 

All  these  sources  of  waste  are,  however,  as  nothing  compared  with 
the  losses  from  forest  fires.  Mr.  G.  L.  Marler,  of  Montreal,  says:  "  The 
Province  of  Quebec  is  being  rapidly  denuded  of  timber.  Years  ago  the 
elms  were  burned  for  the  manufacture  of  potash  from  the  ashes.  Then 
the  pine  was  cut  off,  and  afterward  the  less  valuable  woods;  '  but  forest 
fires  are  worse  than  all  else.'  " 

Mr.  Joly  says:  "The  greatest  enemy  to  fight  is  forest  fires."  Mr. 
Thistle,  of  Ottawa,  estimates  that  in  that  region  "  ten  times  as  much  tim- 
ber is  burned  as  is  cut."  In  the  upper  lake  region  the  forest  fires  are 
frequently  so  extensive  in  the  fall  as  to  cover  the  whole  country  and  the 
lakes  with  a  dense  pall  of  smoke  for  weeks.  All  must  remember  the 
terrible  fires  on  the  shores  of  Lake  Michigan  of  recent  occurrence;  and 
in  the  month  of  April,  1884,  very  extensive  fires  ranged  over  a  strip  of 
country  several  hundred  miles  long  in  the  States  of  North  and  South 
Carolina,  nearly  destroying  the  turpentine  business  over  a  large  area  in 
these  States.* 

*  The  total  estimated  loss  by  firesin  forests  in  the  United  States  during  the  census  year 
is  $25  402  250,  but  many  towns  and  counties  where  fires  occurred  niadr  no  reports,  and  th> 
loss  is  probably  much  larger  (ban  this.  Of  267  fires  reported  in  Michigan,  101  were  traced 
to  fires  set  in  clearing  land  for  agricultural  purposes,  59  to  hunters,  15  to  sparks  from  loco- 
motives, 3  to  smokers  and  1  to  the  Indians. 
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Wind  storms  and  insects  are  also  agents  of  destruction,  whose  rav- 
ages are  not  to  be  overlooked. 

Before  attempting  a  summary  of  the  statistics  given,  it  is  only  fair 
to  state  that  other  writers  point  to  the  magnificent  forests  yet  almost 
untouched  in  Virginia,  Tennessee,  North  Carolina,  eastern  Kentucky  and 
southern  Ohio,  and  the  supplies  from  the  southern  and  extreme  western 
States;  then  when  these  are  exhausted,  Canada,  the  Valley  of  the 
Amazon,  etc. ;  also  the  great  areas  of  second  growth  timber  in  all  the 
older  States.  Another  important  fact,  and  one  which  tends  to  conceal 
the  growing  scarcity  in  the  older  districts,  is  the  paramount  use  of  coal 
for  fuel,  almost  to  the  exclusion  of  the  use  of  wood,  over  considerable 
areas.  The  areas  given  on  the  map  of  the  Forestry  Bulletin  show  about 
10  per  cent,  of  the  area  settled  as  coal  burning,  25  per  cent,  as  burning 
coal  and  wood,  and  65  per  cent,  as  wood  burning.  A  remark  made  by 
Prof.  Hough,  of  Washington,  is  very  suggestive.  He  says:  "As  the 
supplies  of  a  once  timbered  region  begin  to  fail,  the  deficiency  is  made 
up  from  more  distant  points;  and  so  long  as  there  are  regions  within 
reach  of  railways  where  the  materials  can  be  found  for  supplying  the 
trade,  we  shall  not  realize  the  extent  of  the  exhaustion  until  we  nearly 
approach  the  end." 

With  this  extract,  let  us  leave  the  opinions  of  others  and  ask  ourselves 
what  conclusions  we  can  reach  as  to  the  duration  of  timber  supplies.  In 
the  light  of  the  statistics  given,  we  find  : 

1st.  The  supply  of  white  pine  in  the  United  States  is  certain  to  be 
exhausted  before  the  end  of  this  century,  and  good  judges  predict  the 
same  result  for  the  Canadian  supply. 

The  price  in  the  last  twenty-five  years  has  about  trebled  at  tide-water, 
and  there  is  no  wood  to  take  its  place  except  at  greatly  increased  cost 
for  transportation. 

2d.  Of  Southern  pines,  at  the  present  rate  of  consumption,  there  is 
stated  to  be  150  years'  supply.  Even  if  this  be  greatly  underesti- 
mated, the  geometrical  increase  in  the  poprdation  of  the  country  and  the 
corresponding  increase  in  consumption  of  timber,  together  with  the  im- 
mense and  inevitable  losses  by  fire,  seem  certain  to  reduce  this  limit. 

3d.  The  supply  of  spruce  in  the  United  States,  east  of  the  Missis- 
sippi, is  not  fully  given;  but  there  would  seem  to  be  not  over  25  years' 
supply.  There  are,  however,  large  supplies  of  this  and  other  soft  woods 
to  be  drawn  from  in  Canada  and  the  West. 

4th.  Of  hemlock,  the  supply  in  the  East  is  about  the  same  as  that  of 
spruce.  It  will  soon  be  exhausted  in  Pennsylvania,  New  York  and  the 
Eastern  States.  The  price  has  about  doubled  in  25  years,  and  an  ad- 
vance in  price  sufficient  to  warrant  transportation  will  bring  large  sup- 
plies from  distant  points. 

5th.  Of  hard  woods,  black  walnut  began  to  be  used  extensively  less 
than  25  years  ago,  and  the  price  has  advanced  to  -SI  10  per  M.,  at  whole- 
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sale.  The  supply  is  being  rapidly  exhausted.  Ash  has  more  than 
doubled  in  price,  and  oak,  also,  in  the  same  time. 

The  supply  of  large  timber  in  all  these  is  destined  to  rapid  extinction 
in  the  older  settled  districts.  The  supplies  to  be  drawn  upon  are  so 
great  that  we  cannot  predict  a  famine,  except  in  some  of  the  species. 
We  can  say  that  prices  will  continue  to  advance,  as  timber  is  brought 
from  greater  distances,  and  the  cost  of  transportation  is  increased. 

The  subjoined  letter,  kindly  written  by  Prof.  Sargent  on  request, 
gives  an  interesting  resume  of  the  whole  matter: 

Arnold  Akboeetum,  Harvard  University,  \ 

Director's  Office,  >- 

Brookline,  Mass.,  March  30th,  1884.        ) 

My  Dear  Sir, — I  am  very  sorry  that  I  am  unable  to  give  you  the  in- 
formation you  desire. 

The  only  estimates  of  standing  timber  made  by  the  Census  Office 
have  been  published  in  the  various  Forestry  Bulletins.  It  was  impossi- 
ble to  cover  the  various  hard  woods  in  the  same  manner.  The  only 
danger  of  a  short  supply  in  the  country  is  confined  to  the  white  pine, 
spruce,  possibly  hemlock,  and  a  few  hard  woods,  such  as  black  walnut, 
white  ash,  hickory  and  cherry.  Of  other  hard  woods  there  is  still  an 
abundant  supply.  Good  timber  is  not,  however,  so  generally  distributed 
as  formerly,  and  many  of  the  older  States  are  about  stripped  of  all  sorts, 
or  nearly  so.  Great  hard  wood  forests  are  now  only  found  along  the 
slopes  of  the  Allegheny  Mountains  ;  in  Arkansas,  Louisiana,  and  other 
Southern  States.  A  large  part  of  these  forests  is  inaccessible  by  rail, 
and  as  the  oak  and  other  heavy  timbers  are  too  heavy  for  "driving'7 
down  the  streams,  they  are  still  saved  from  destruction 

The  exhaustion,  however,  of  the  timber  supply  in  more  accessible 
regions  will  soon  bring  even  the  most  remote  of  the  hard  wood  forests 
into  market.  It  will  be  necessary,  in  considering  the  supply  of  hard 
woods,  to  take  into  consideration  the  increased  cost  of  transport  from 
remote  localities  to  the  centers  of  consumption. 

Yours  very  truly,  C.   S.   Sargext. 

Mr.  F.  Coeeingwood, 

Elizabeth. 

So  far  as  we  are  concerned,  therefore,  as  engineers,  the  matter  be- 
comes one  simply  of  cost  :  and  in  this  view  alone  it  is  evidently  worth 
our  while  to  economize  in  the  use  of  timber. 

As  a  matter  of  ethics,  however,  something  more  is  due  from  us.  It 
is  our  bounden  duty  to  try  in  every  way  to  prevent  the  terrible  losses  of 
timber  by  fire.  Our  locomotives  arc  responsible  tor  an  immense  amount 
of  this  mischief,  and  the  fact  is  discreditable  to  the  profession. 

In  cutting  and  burning  the  way  for  new  lines  through  wooded  coun- 
tries, also,  forest  fires  are  frequently  started. 
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In  pursuit  of  our  duty  we  come  in  contact  with  the  backwoodsman, 
and  we  can  spread  sound  knowledge  as  to  the  sure  profit  eventually  to 
result  from  the  preservation  of  the  forests,  and  particularly  of  the  large 
timber,  and  inculcate  greater  care  in  brush  burning  and  the  use  of  fire 
in  other  ways  in  the  woods. 

It  is  pertinent  here  to  make  a  quotation  from  the  census  report  re- 
specting the  supply  in  Wisconsin  :  "  The  annual  growth  of  timber 
(in  this  State)  is  counterbalanced  by  the  annual  waste  by  windfalls  and 
natural  decay  of  old  trees.  The  loss  by  fire  is  probably  5  per  cent,  of  the 
whole.  The  lumbermen  waste  the  upper  part  of  the  tree,  which  is  not 
knotty  but  sound.  From  an  ordinary  sized  tree  four  16-foot  logs  are 
taken  and  the  top  log  left.  This  is  often  22  inches  in  diameter  at  the 
butt,  and  would  scale  from  100  to  120  feet.  This  is  done  because  the 
pay  of  the  loggers  is  small,  and  they  cannot  afford  to  cut  the  fifth  log. 
Nearly  one-tenth  of  the  timber  is  therefore  left  in  the  woods  and  wasted. 

We  can  also  point  out  the  profit  that  may  be  expected  in  many  parts 
of  the  country  from  the  cultivation  of  certain  kinds  of  wood,  particularly 
on  ground  which  would  otherwise  be  waste.  In  connection  with  this 
branch  of  the  subject,  the  following  notes  of  growth  are  given  by  various 
writers.  These  will,  of  course,  vary  with  variations  in  conditions  ;  and 
it  should  be  remembered  that  the  larger  the  tx*ee,  and  the  more  dense  and 
valuable  its  timber,  the  slower  the  growth  becomes. 

A  sugar  maple  will  grow  to  15  iuches  diameter  in  30  years;  a  white 
larch  to  about  three  feet  in  diameter  in  50  years  ;  a  butternut  to  12 
inches  diameter  in  24  years  ;  a  willow  to  18  inches  diameter  in 
27  years  ;  a  black  walnut  to  24  inches  diameter,  under  favorable 
circumstances,  in  50  years,  but  it  will  not  have  the  handsome  grain  of 
larger  and  older  trees  ;  a  live  oak  grows  to  30  inches  diameter  in  70 
years;  a  basket  oak  to  42  inches  diameter  in  180  years;  a  white  oak  to  39 
inches  diameter  in  200  years,  and  a  white  pine  to  2  feet  to  3  feet  diameter 
in  37  years.  It  can  be  satisfactorily  shown  that  when  tree  culture  is  in- 
telligently undertaken  in  regions  where  timber  is  scarce,  a  fair  return  is 
made  on  the  investment,  and  it  begins  within  a  few  years  from  the  first 
planting. 

As  engineers,  we  are  called  upon  to  study  the  subjects  of  water 
supply,  and  the  effects  of  floods  upon  structures,  and  in  causing  changes 
in  streams,  etc.  Now,  however  much  opinions  may  vary  as  to  the  effect 
forests  may  cause  by  inducing  local  climatic  changes,  there  can  be  no 
question  as  to  their  efficiency  as  conservators  of  the  water  supply  of  the 
region  where  they  are,  and  of  their  tendency  to  equalize  the  flow  of 
streams  and  prevent  floods. 

The  public  at  large  certainly  need  education  upon  this  very  im- 
portant subject. 

In  closing  this  report  the  writer  regrets  that  the  information  cannot 
be  made  more  exact,  but  trusts  that  it  may  enable  our  members  to  form 
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a  reasonably  correct  idea  as  to  the  future  of  the  supply  of  timber  in  our 
country,  that  material  upon  which  the  success  of  so  many  of  our  enter- 
prises depends. 

The  great  unknown  factor  is  waste,  and  we  in  common  with  all  good 
citizens  are  interested  in  the  introduction  of  some  thorough  system  by 
which  this  great  wrong  shall  be  done  away  with.  If  this  be  done,  and 
reasonable  care  be  taken  to  replant  forests  where  circumstances  warrant 
the  expectation  that  it  can  be  done  with  profit,  we  may  safely  rely  on  an 
abundance  of  timber  for  generations  to  come. 
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DISCUSSIONS 

ON  THE  REPORT  OF   THE  COMMITTEE  ON  THE  PRESERVA- 
TION OF  TIMBER  ; 
AND  ON  THE  PRESERVATION  OF  FORESTS. 


At  the  Annual  Convention  of  the  Society,  June  24th,  1885. 


James  B.  Feancis,  Past  President  Am.  Soc.  C.  E. — Perhaps  my 
experience  in  the  matter  may  be  of  some  interest.  I  commenced  Kyan- 
izing  in  1848,  for  some  corporations  I  was  connected  with,  and  some  of 
the  work  I  then  did  is  now  in  existence.  It  was  said  that  Kyanizing  in 
England  was  a  failure,  and  in  1848  I  made  a  journey  to  England  to  find 
what  the  reasons  were.  One  reason  was  that  the  parties  in  England  who 
wore  carrying  it  on  were  cheating  in  conducting  the  process.  Another  was 
that  the  Bethell  process  had  just  then  been  introduced,  and  the  leading 
engineers  were  taking  it  up,  and  the  result  was  that  only  two  or  three  par- 
ties were  using  Kyanizing,  but  there  seemed  to  be  no  sufficient  reason  for 
it.  I  saw  Faraday  and  Brunei  and  others  interested  in  it  and  they  could 
give  me  no  good  reason  why  it  had  gone  out  of  use.  On  my  return  Bur- 
nettizing  was  coming  into  favor.  There  were  some  advantages  claimed 
for  it,  as  economy  and  facility  in  carrying  it  on.  Strong  recommenda- 
tions were  made  that  it  was  equally  good.  Competent  chemists  that  I 
consulted  thought  there  was  no  doubt  that  it  was  just  as  good  ;  so  I 
dropped  Kyanizing  and  went  to  Burnettizing,  and  it  took  ten  years  to 
find  out  my  mistake.  Kyanizing,  done  before  Burnettizing,  w'as  stand- 
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ing  where  Burnettizing  had  failed  ;  so  we  went  back  to  Kyanizing,  and 
that  has  continued,  up  to  the  present  day.  The  purpose  we  have  used 
it  for  in  Lowell  is  for  the  numerous  bridges  on  the  canals,  which  were 
decaying  rapidly,  and  the  result  is  that  the  cost  of  maintaining  these 
bridges  is  reduced  to  about  one-half  by  Kyanizing.  Not  that  it  is  a  per- 
fect preservative,  by  any  means,  but  it  has  increased  the  durability  of 
the  wood  to  ii  great  extent.  I  put  up,  in  1850,  a  fence  of  spruce  around  a 
reservoir,  which  is  still  perfect.  That  was  about  35  years  ago,  and  it  is  a 
perfectly  good  fence  now  ;  not  a  single  piece  has  been  renewed  ;  it  has 
partly  decayed  under  ground,  but  all  above  ground  is  perfectly  good. 
I  think  the  cottonwood  might  be  made  available  for  many  purposes  by 
this  process.  I  have  some  cottonwood  preserved  in  that  way.  I  do  not 
say  it  is  perfectly  sound,  but  it  is  in  good  condition  ;  whereas  the  unpre- 
pared cottonwood  is  nothing  but  black  mold.  There  can  be  no  doubt 
about  the  preservative  effects  in  lengthening  the  life  of  wood  either  bv 
Kyanizing  or  by  Burnettizing.  We  have  found  the  Kyanizing  answer 
our  purpose  the  best,  and  we  have  followed  it  ever  since.  My  experience 
has  been  long  enough  to  leave  no  doubt  whatever  about  it ;  it  extends 
from  184  S  to  this  time.  Creosoting,  I  have  no  doubt,  is  a  still  more 
perfect  preservative,  but  the  expense  and  difficulty  of  doing  it  prohibit 
its  use  here  to  a  great  extent.  Kyanizing  is  only  a  preventive  of  rapid 
decay  ;  that  is  all  that  is  claimed  for  it ;  it  delays  the  decay. 

E.  A.  Fuertes,  M.  Am.  Soc.  C.  E.  —I  have  had  some  little  experience 
in  regard  to  Burnettizing  that  has  led  me  to  believe  that  the  process  is 
not  always  effective.  In  1869  or  1870,  the  City  of  New  York  was  largely 
under  the  control  of  Tweed,  and  many  contracts  were  given  out  for  the 
paving  of  streets  with  wood,  and  one  of  the  contracts  called  for  Burnett- 
izing the  blocks.  Very  soon  after  the  contract  was  given  and  this  pave- 
ment was  laid,  Mr.  Tweed  fell,  or  rather  was  pushed  out ;  and  there  was 
appointed  a  eoniniission  to  investigate  his  frauds.  I  was  appointed 
engineer  of  that  commission  and  took  up  the  pavement.  Part  of  it  I 
took  to  Prof.  Chandler  to  analyze  the  wood  and  see  whal  lie  found. 
Apparently  nothing  had  been  done;  no  chloride  of  zinc  had  been 
injected  into  the  wood.  But  the  other  side,  the  contractors,  introduced 
Dr.  Wurtz  to  testify,  and  he  swore  that  not  only  was  the  wood  Burnett- 
ized,  but  that  he  himself  had  done  it.  The  pavement  had  been  laid 
down  for  a  year  or  a  little  over.  We  then  had  some  of  the  blocks  which 
had  not  been  laid  down  examined  and  found  thev  had  been  fullv  Bur- 
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nettized,  and  after  that  we  took  up  some  of  those  which  had  been  laid 
down,  and  in  a  cart  load  of  those,  there  was  just  a  trace  found  of  the 
chloride  of  zinc.  The  inference  from  the  facts  was  that  in  the  course  of 
a  year  the  chloride  of  zinc  had  washed  out  of  the  wood. 

D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E.— Some  15  or  18 
years  ago  we  unfortunately  had  a  wooden  bridge  of  247  feet  span  burned 
down  on  a  line  of  road  I  am  connected  with,  and  we  were  very  anxious  to 
have  the  bridge  we  should  build  in  its  place  protected  from  decay.  We 
therefore  had  the  lower  part  Burnettized,  and  took  upon  us  to  see  that  the 
process  then  in  operation  was  perfectly  carried  out.  Twelve  years  after- 
ward, and  about  six  years  ago,  the  bridge  parted  its  lower  chord,  consist- 
ing of  six  pieces,  and  that  was  the  very  part  that  we  had  Burnettized. 
We  were  quite  anxious  to  determine  whether  anything  remained  of  the 
chemicals  that  were  injected.  We  had  pieces  from  various  parts  of  that 
chord  taken  out  and  gave  them  to  Mr.  Shaler  Smith,  who  had  them 
analyzed,  and  he  reported  that  not  the  least  trace  of  the  preservative 
chemicals  was  to  be  found  in  the  wood. 

Prof.  E.  A.  Fuertes. — Dr.  Wurtz  used  a  three  and  a  half  per  cent, 
solution,  but  the  fibers  of  the  wood  were  vertical,  and  that  evidently 
helped  considerably  to  the  washing  out  of  the  solution. 

T.  Egleston,  M.  Am.  Soc.  C.  E. — I  have  been  somewhat  surprised 
in  listening  to  this  very  able  report  to  hear  nothing  whatever  in  regard  to 
the  age  of  the  wood  which  it  was  attempted  to  preserve,  nor  in  regard  to 
the  time  of  its  cutting.  So  far  as  my  examination  of  wood,  as  a  metal- 
lurgist, is  concerned,  I  find  it  absolutely  necessary  to  pay  the  very 
greatest  possible  attention  not  only  to  the  age  of  the  wood  but  to  the 
time  it  is  cut.  It  has  been  found  by  a  series  of  experiments  lasting 
some  35  or  40  years  that  if  wood  is  cut  during  the  month  of  January, 
then  ranked  up,  and  afterward  used,  its  life  may  extend  without  any 
preservative  whatever,  in  wood  of  proper  character  and  age,  for  15  or 
16  years,  whereas  wood  of  the  same  species,  if  cut  at  a  different  age 
and  time,  may  last  only  three  or  four  years. 

At  the  Cleveland  Convention  of  this  body  I  gave  a  succinct  account 
of  these  experiments  made  by  the  German  Government.  These  woods 
were  made  into  wine  barrels,  etc. ,  and  buried  in  the  earth  for  the  purpose 
of  ascertaining  how  far  they  could  be  used  for  different  purposes. 

I  think  that  a  part  of  the  failures  in  these  preserving  processes  can 
be  ascribed  entirely  to  the  circumstance  of  the  wood  being  cut  in  the 
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wrong  season  of  the  year.  Other  failures  may  be  attributed,  I  think, 
to  the  fact  that  the  wood  is  of  imj)roper  age.  It  is  the  habit  of  a  great 
many  persons  cutting  timber  to  cut  it  at  any  season  of  the  year,  and  I 
have  not  infrequently,  in  many  parts  of  this  country,  been  able  to  estab- 
lish the  fact  that  for  metallurgical  purposes  not  more  than  ten  per  cent, 
of  the  value  of  the  carbon  contained  in  the  wood  was  made  use  of  by  the 
company  that  was  using  it.  I  am  quite  sure  that  if  the  time  of  cutting 
was  taken  into  consideration  some  of  these  processes  would  be  found  of 
very  great  value.  There  are  some  of  them,  however,  based  upon  false 
principles  ;  chemically  they  are  impossible  ;  they  could  not  be  carried 
out  in  a  laboratory  on  a  small  scale,  much  less  on  a  large  scale.  If  these 
processes  were  investigated  on  a  large  scale,  as  they  should  be,  we  should 
not  have  our  Government  paying  thousands  of  dollars  for  processes  en- 
tirely useless. 

J.  J.  R.  Ckoes,  M.  Am.  Soc.  C.  E. — Trie  inspection  of  the  method  of 
preparation  of  any  timber,  while  the  work  is  in  progress,  which  is  im- 
pressed so  strongly  by  the  Committee  in  this  report,  seems  to  me  very 
necessary.  I  let  a  contract  during  this  past  winter  for  the  impregnation 
i  if  railroad  ties  with  not  less  than  ten  pounds  of  dead  oil  to  the  cubic  foot. 
I  required  the  contractor  to  notify  me  when  and  where  the  process  was  to 
be  applied.  I  received  notice  one  day  that  two  days  later  the  timber  would 
be  creosoted  in  North  Carolina.  I  insisted  upon  delay  in  the  matter,  and 
sent  an  inspector  immediately  to  the  creosoting  works,  who  found  that  this 
timber  which  was  to  be  impregnated  with  ten  pounds  of  dead  oil  was,  at  the 
mills  where  it  was  cut,  first  put  for  two  or  three  hours  into  a  cylinder  and 
heated,  and  then  put  into  an  open  tank  of  oil  which  they  said  was  dead 
oil,  and  there  lay  for  three  hours,  being  turned  over  with  a  pike  pole,  and 
was  then  shipped  on  board  a  schooner.  This  dead  oil  was  cold  when 
they  put  the  timber  iu  and  cold  when  they  took  it  out  after  three  hours. 
They  said  there  was  ten  pounds  of  oil  in.  I  sawed  one  of  the  sticks  in 
two  and  found  it  discolored  about  an  eighth  of  an  inch  from  the  surface. 
Of  course,  I  did  not  take  the  timber,  and  I  found  it  could  not  be  prop- 
erly impregnated  at  that  place  or  by  that  process,  especially  as  the  oil 
used  was  not  dead  oil,  but  was  chiefly  a  product  of  the  distillation  of 
pine  wood.  They  claimed  that  it  was  better  than  creosote.  I  found 
that  the  only  place  the  work  could  be  done  conveniently  was  in  New 
York.  The  timber,  North  Carolina  pine,  was  shipped  to  New  York  and 
was  impregnated  with  dead  oil  at  creosoting  works  in  Brooklyn.     The 
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requirement  in  most  of  the  authorities  is  that  there  should  be  not  less 
than  ten  pounds  of  oil  to  the  cubic  foot,  but  I  found  on  further  ex- 
amination that  it  depended  very  much  on  the  size  of  the  stick  how  much 
oil  was  necessary  for  its  preservation,  that  it  took  thirty  pounds  of  oil 
to  the  foot  to  impregnate  timber  throughout,  and  that  it  took  from  forty- 
eight  to  sixty  hours  in  the  charging  chambers  to  impregnate  ordinary 
timber  to  that  extent.  After  the  timber  has  been  put  into  the  cylinder 
and  steamed,  and  all  the  moisture  driven  out  in  that  way,  and  then  the  oil 
put  in  under  pressure,  ten  pounds  of  oil  will  go  in  in  the  course  of  five  or 
six  hours  into  timber  8  by  8  or  G  by  6;  but  to  put  in  twelve  pounds  of  oil 
takes  several  hours  more,  to  put  in  fourteen  pounds  takes  still  longer, 
w  hile  to  put  in  sixteen  or  twenty  pounds  takes  several  hours  longer,  which 
increases  the  cost  very  much,  the  cost  being  dependent  in  a  very  great 
measure  on  the  length  of  time  the  operation  takes.  I  found  on 
cutting  these  sticks  that  when  there  was  ten  pounds  of  oil  it  pene- 
trated about  a  foot  into  the  ends  of  the  sticks,  and  it  went  in  about 
half  an  inch  into  a  stick  8  by  8;  that  is,  the  timber,  when  it  was  sawed  in 
the  middle,  showed  the  presence  of  the  oil  about  half  an  inch  deep. 
For  railroad  ties  which  were  to  be  put  on  iron  girders  and  notched  from 
half  to  three  quarters  of  an  inch,  according  to  the  adjustment  of  the 
grade,  on  an  iron  trestle,  it  did  not  seem  to  be  safe  to  take  ten  or  twelve 
pounds,  because  in  the  harder  portions  of  the  stick  the  oil  went  in  barely 
a  half  inch,  in  some  cases  not  quite  so  much.  So  I  had  fourteen  pounds 
of  oil  put  into  the  timber,  in  which  case  it  went  into  the  softer  parts  one 
and  a  half  or  two  inches,  while  in  the  harder  parts  it  went  in  a  little  over 
half  an  inch  as  a  general  thing.  I  have  preserved  sections  of  the  sticks 
which  were  impregnated  with  different  quantities  of  oil,  all  cut  from  the 
same  stick  of  timber.  Pieces  about  5  feet  long  were  put  into  the  ma- 
chine, and  then  sections  about  two  inches  thick  were  taken  from  the  mid- 
dle of  these  pieces,  which  showed  just  how  the  oil  penetrates  the  wood 
and  how  necessary  it  is  to  make  the  quantity  of  oil  dependent  upon  the 
area  of  the  sticks,  or  rather  on  the  periphery  of  the  stick.  The  oil  goes 
into  the  end  of  a  stick  some  distance,  but  to  preserve  the  stick,  especially 
if  it  is  to  be  cut,  it  must  enter  into  the  wood  on  the  side  for  a  certain 
distance,  according  to  the  use  the  timber  is  to  be  put  to.  It  is  evident  that 
a  stick  of  twelve  or  sixteen  inches  square  will  not  need  as  much  oil  as  a  six- 
inch  stick.  The  smaller  the  stick,  to  get  the  requisite  amount  of  penetra- 
tion of  the  oil — that  is,  to  have  the  wood  preserved  to  a  requisite  distance 
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from  the  outside  in — the  greater  the  proportion  of  oil  to  the  cubic  foot 
which  is  necessary.  Therefore  I  don't  think  there  is  any  absolute  rule  to 
be  applied  in  regard  to  the  amount  of  oil  to  be  used  for  impregnating. 
It  ought  to  be  made  dependent  upon  the  depth  of  the  stick  to  which  you 
want  the  oil  to  penetrate,  aud  then  by  actual  experiment  in  each  case  find 
what  amount  of  oil  it  takes  to  penetrate  that  distance.  For  a  pile  12  or 
14  inches  in  diameter,  to  thoroughly  protect  it  from  the  teredo,  it  was 
stated  by  the  operator  that  it  was  necessary  to  thoroughly  saturate  it, 
which  takes  about  thirty  pounds  of  oil  to  the  cubic  foot  of  North  Caro- 
lina pine. 

J.  F.  Feagg,  M.  Am.  Soc.  C.  E. — Do  I  understand  that  with  a  larger 
stick  you  need  more  oil  V 

Mr.  J.  J.  R.  Croes. — No,  the  larger  the  stick  the  less  oil  to  the  cubic 
foot  is  required  to  impregnate  the  periphery  to  a  given  depth. 

Ciiakles  Latimer,  M.  Am.  Soc.  C.  E.— I  have  listened  to  this  report 
with  a  great  deal  of  interest,  and  I  think  it  the  clearest  and  most  valuable 
paper  I  have  heard  on  this  subject.  It  has  gone  into  the  matter  very 
thoroughly,  and  the  Committee  deserve  the  thanks  of  the  Society  and 
the  public.  There  are  some  facts  probably  that  it  would  be  well  for  me 
to  state,  inasmuch  as  my  experience  gives  me  the  right  to  mention  them, 
and  it  would  be  well  that  they  should  go  on  record.  In  relation  to  the 
life  of  timber,  I  have  had  a  very  fair  opportunity  of  judging  what  the 
life  of  ties  should  be  in  eleven  years  of  experience  on  one  road  in  which 
I  had  the  entire  charge  of  purchases  of  all  kinds.  We  have  800  miles 
of  road.  That  will  give  us  2  000  000  of  ties.  In  the  time  mentioned 
we  bought  something  over  2  200  000,  so  that  every  tie,  or  nearly  every 
tie.  had  decayed  in  that  length  of  time.  The  life  of  ties  of  oak,  Avhich  are 
the  most  of  our  ties,  is  eight  years;  in  bridges,  nine  years.  Now,  that 
statement  in  relation  to  the  value  of  ties  is  quite  important.  Eleven 
years  ago  we  paid  50  cents  for  ties  ;  to-day  we  are  paying  45  cents  per 
tie.  Although  the  contractor  says  each  year  it  is  impossible  to  get  the 
ties,  he  manages  that  we  can  get  without  difficulty  just  as  many  as  we 
want,  and  now,  not,  I  suppose,  that  I  would  be  unable  to  get  them  from 
along  the  line,  I  am  going  to  Michigan,  where  I  can  get  cedar  ties  delivered 
for  40  cents.  I  want  to  state  facts  which  may  be  of  value  to  correct  any 
statement  or  misapprehension  in  relation  to  timber.  The  facts  are  imjjor- 
tant  in  that  regard.  In  relation  to  the  wear  of  timber,  I  know  of  timber 
which  I  saw  taken  up.    I  know  where  it  was  brought  from  positively,  as 
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I  have  the  witness  of  very  responsible  parties;  it  was  planted  in  pali- 
sades, stockades.  It  is  seventy  years  old  and  perfectly  sound.  I  refer 
to  the  catalpa  tree.  I  planted  some  of  those  trees,  but  they  gave  me  the 
wrong  seed,  and  now  in  five  years  I  have  got  a  lot  of  scrub  trees  which 
ought  now  to  be  ties,  but  they  are  only  three  or  four  feet  high.  Coming 
to  the  question  of  preparing  ties,  I  have  had  a  little  experience.  I  bought 
20  000  Thilmany  process  ties.  I  bought  them  delivered  at  Mansfield  for 
fifty  cents  per  tie  ;  the  process  of  preparing  them  cost  15  and  20  cents 
a  tie.  I  thought  I  had  a  very  good  bargain,  and  I  congratulated  my- 
self upon  getting  a  set  of  ties  that  would  last  me  a  very  long  time  ; 
but  I  am  sorry  to  say  that  the  report  of  the  Committee  is  entirely  borne 
out  in  the  later  examinations  of  those  ties,  as  we  find  they  are  mere 
shells.  Therefore,  my  experience  with  ties  preserved  by  the  Thilmany 
process  is  entirely  unsatisfactory.  I  have  no  other  experience  in  the 
preserving  of  ties;  but  the  facts  that  I  have  given  bear  upon  the  question, 
and  it  seems  to  me  are  important. 

Mr.  James  B.  Francis. — There  is  one  matter  alluded  to  in  this  report 
which  I  did  not  speak  of,  and  that  is  the  poisonous  nature  of  Kyaniz- 
ing.  We  never  found  the  slightest  trouble  with  it  in  that  way.  Since 
1848,  with  an  interval  of  perhaps  ten  years,  there  has  been  no  case 
where  the  men  operating  in  it  have  been  made  ill.  Once  in  a  while  the  men 
working  over  the  tank  where  the  material  was  dissolved  in  hot  water  have 
complained  somewhat  of  it,  but  I  never  knew  any  man  made  seriously 
ill.  The  men  go  into  the  tank  with  bare  feet,  and  it  seems  to  be  rather 
healing  to  cutaneous  diseases.  The  only  danger  seems  to  me  to  be  from 
the  efflorescence  on  the  surface  of  the  wood.  The  timber  sometimes 
becomes  white  on  the  outside  from  the  salt  in  it,  and  that  might  be 
licked  off  by  cattle.  The  white  substance  on  the  timber  is  corrosive 
sublimate.  That  is  very  poisonous,  but  as  to  the  process  we  have  had 
no  trouble  whatever. 

Mr.  J.J.  E.  Croes. — I  would  like  to  ask  from  the  Chairman  of  the 
Committee  what  there  is  to  be  said  about  a  process  that  I  do  not  see 
mentioned  in  the  report,  the  process  of  wood  vulcanizing,  as  it  is  called, 
or  subjecting  the  wood  to  heat  in  some  way,  and  converting  the  sap 
into  rosin  and  hardening  the  wood  so  that  it  is  claimed  that  it  will  last 
forever  when  used  for  railroad  ties  or  for  any  other  purpose. 

Mr.  Charles  Latimer. —  Iwant  to  say  that  if  any  process  can  be  ob- 
tained which  will  double  or  add  50  per  cent,  to  the  life  of  ties,  using  the 
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cedar  or  the  hemlock,  of  course  there  is  an  immense  economy  in  it,  and 
I  trust  that  some  one  has  that  process,  for  it  would  pay  us  to  use  it.  I 
can  get  cedar  ties  from  the  northwest  at  35  cents,  and  hemlock  ties  at  30 
cents  on  the  road,  so  if  ties  were  to  be  preserved  and  cost  no  more  than 
50  cents,  and  would  last  15  years  and  hold  a  spike  well  and  not  become 
brittle,  it  would  certainly  be  very  valuable. 

Prof.  T.  Egleston. — So  far  as  my  experience  goes  in  making  investi- 
gations on  woods,  any  process  whatever  which  causes  any  chemical 
change  to  take  place  in  the  substance  of  the  wood  makes  the  wood  brittle. 
The  moment  there  comes  to  be  any  change  in  the  color  of  the  wood  from 
heat,  the  wood  becomes  entirely  unfit  for  constructive  purposes.  Almost 
all  these  processes  have  in  view  the  production  of  acetic  acids.  If  the 
process  is  carried  so  far  as  to  give  an  acetic  acid,  the  wood  is  not  good 
for  anything.  If  the  process  is  not  carried  so  far  as  to  get  good  acetic 
acid,  the  acetic  acid  commands  a  very  small  price,  and  the  wood  is  not 
good  for  anything  but  kindling. 

A.  W.  Locke,  M.  Am.  Soc.  C.  E. — One  point  I  do  not  hear  alluded  to 
in  the  report  of  the  Committee,  and  that  is  the  cost  of  removing  old  ties 
from  tracks  or  bridges  and  replacing  them  with  new,  which  would  have  a 
very  favorable  effect  upon  the  figures  given  by  the  Committee.  I  have 
observed  that  the  cost  of  replacing  ordinary  ties  after  they  are  delivered 
on  the  ground  is  about  10  cents  per  tie  year  by  year.  That  would  have  to 
be  taken  into  account,  and  would  probably  be  25  per  cent,  of  the  amount 
of  saving  effected.  Then  in  replacing  ties  upon  bridges  it  will  cost  one 
or  two  dollars  per  lineal  foot  of  bridge  to  place  ties  upon  bridges  where 
traffic  is  being  carried  on  . 

Mr.  Edwabd  P.  Noiith.— Some  wooden  pavement  was  laid  on  Fifth 
avenue,  between  Thirty-second  and  Thirty-third  streets,  about  a  year 
ago.  The  wood  was  brought  from  England  already  "  creosoted."  There 
was  very  little  creosote  in  the  wood,  and  I  brought  some  to  the  Society 
room  that  smelled  more  decidedly  of  the  pine  than  of  the  creosote  on  the 
outside  of  it.  Horace  Loornis.  M.  Am.  Soc.  C.  E.,  Assistant  Engineer 
to  the  Department  of  Public  Works,  has  a  specimen  in  his  office  that  is 
noticeably  free  from  creosote,  I  think  that  must  have  been  creosoted  as 
Mr.  Croes'  North  Carolina  pine  was.  When  that  wood  pavement  fails 
it  will  probably  be  cited  as  a  proof  of  the  uselessness  of  creosoting. 
A  surveyor  in  London,  who  was  laying  a  wood  pavement  on  Bromp- 
ton   Road,  told  me  that  creosoting  was  of  no  use,  that  the  "dipping" 
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was  not  worth  anything  ;  and  as  many  English  engineering  publi- 
cations speak  of  the  necessity  of  having  wood  dry  before  creosoting, 
it  is  possible  that  dipping  in  hot  oil  is  resorted  to  instead  of  the  more 
thorough  methods  generally  in  use  in  this  country .  At  any  rate,  in  case 
of  creosoting  or  any  other  process  proving  a  failure,  the  method  em- 
ployed should  be  investigated  and  given  with  the  record  of  a  failure. 

Prof.  E.  A.  Ftjertes.  -Prof.  Egleston  mentioned  something  in  refer- 
ence to  the  amount  of  carbon  depending  upon  the  age  of  the  wood.  I 
would  like  to  know  if  he  has  made  any  experiments  as  to  the  amount  of 
carbonates  in  the  wood,  or  rather  as  to  what  functions  they  have  in  the 
wood. 

Prof.  T.  Egleston.  — I  cannot  remember  the  figures,  but  where  the 
wood  is  cut  after  the  sap  rises  it  is  so  porous  that  it  will  not  bear  any 
weight,  and  so  when  I  said  that  not  more  than  ten  per  cent,  of  the  car- 
bon was  contained  in  the  wood,  I  did  not  mean  that  the  carbon  had 
undergone  any  change,  but  the  material  was  so  porous  that  it  would  not 
stand  the  weight  of  the  charge  in  the  furnace,  and  had  to  be  thrown 
away. 

Mr.  Charles  Latimer. — Mr.  Crowell  is  here,  and  he  has  been  over  to 
Europe  and  saw  some  steel  ties  there.  The  question  is  if  we  may  use 
the  steel  with  economy.  He  has  seen  steel  ties  in  use  there,  and  he 
knows  their  cost.  The  question  is  whether  we  can  afford  to  use  the  Bur- 
nettized  and  creosoted  ties  in  comparison  with  the  steel  ties. 

Prof.  T.  Egleston. — In  1869  Mr.  Krupp  told  me  that  he  never  should 
use  another  wooden  tie.  In  the  year  1882,  and  last  summer,  I  made  a 
special  trip  to  Europe  with  reference  to  testing  this  question  of  steel  ties 
and  their  manufacture.  It  is  known  now  in  Germany  that  it  is  cheaper  for 
them  to  lay  down  steel  ties  made  by  the  Bessemer  process  than  to  use 
wooden  ones.  The  large  works  there  are  turning  out  now  basic  Bessemer 
steel  ties  whose  life  has  been  determined  to  be  so  long,  whose  extra  sta- 
bility in  a  permanent  way  has  been  found  to  be  so  great,  that  they  are 
being  sold  all  over  Germany.  In  the  North  Western  Steel  Works,  in  the 
North  of  England,  they  are  already  making  these  steel  ties,  and  I  think 
in  time  the  steel  ties  will  very  largely  supersede  the  wood  ties.  I  will 
ask  Mr.  Crowell  to  state  his  experience. 

J.  F.  Crowell,  M.  Am.  Soc.  C.  E. — I  will  not  occupy  the  time  of  the 
Convention  at  any  length.  What  I  saw  of  the  metal  ties  would  not  be  of 
special  interest  here,  I  think,  but  it  convinced  me  of  the  entire  practica- 
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bility  and  adaptiveness  of  tlie  most  improved  tie  used  in  those  German 
roads  that  I  examined.  In  regard  to  the  cost,  the  late  Mr.  Lorenz,  of  the 
Reading  Railroad,  procured  several  specimens  of  the  ties,  and  made  an 
estimate  with  the  object  of  introducing  them  on  the  roads  he  was  then 
connected  with,  and  he  found,  if  I  remember  correctly,  that  the  price 
would  be  in  the  neighborhood  of  $7  000  per  mile;  that  is,  for  the  ties  only, 
for  say  3  000  ties  per  mile,  which  would  be  a  large  cost  compared  with  the 
first  cost  of  the  wood  ties.  The  weaving  of  the  steel  ties  might  be  three  or 
four  times  as  great  as  that  of  the  wooden  ties,  and  that  added  to^he 
saving  of  replacing  the  wooden  ties  would  probably  reduce  the  cost  at  the 
end  of  the  life  of  the  steel  ties  to  something  less  than  the  cost  of  the  wooden 
ties.  The  cost  he  figured  was  the  duty  added  to  the  cost  of  the  steel  tie 
which  he  could  then  buy  in  Germany.  If  steel  ties  could  be  brought  down 
somewhere  near  the  price  of  steel  rails,  the  tie  weighing  one  hundred  and 
ten  pounds  would  perhaps  cost  $1  50  in  round  figures,  as  against  the  aver- 
age cost  of  the  wooden  tie.  The  initial  cost,  however,  is  not  a  fair  test  of  the 
value  of  a  permauent  steel  tie.  If  we  can  get  a  tie  that  will  not  deterio- 
rate, and  which  can  be  relied  upon  to  stay  in  the  track  without  so  much 
work,  the  economy  of  a  high-priced  tie  would,  perhaps,  be  very  great. 
In  Germany  they  have  experimented  with  a  number  of  different  forms. 
The  particular  form  that  I  saw  in  use  was  the  latest.  It  was  simply  a 
channel  extending  with  its  flanges  into  the  ballast  and  with  a  very  simple 
fastening.  Bolts  were  used  in  the  fastening  to  connect  the  rail  with  the 
tie,  and  that  is  a  form  we  would  probably  find  objectionable.  They  do 
not  seem  to  find  it  so  there,  but  we  have  a  good  deal  of  trouble  with 
four  bolts  to  the  rail,  and  with  fifteen  or  sixteen  more  the  matter  of  the 
bolts  would  be  a  serious  question .  But  if  we  can  get  a  simple  tie  of 
that  form  with  a  secure  fastening,  which  will  not  require  too  much  atten- 
tion to  keep  in  good  condition,  I  think  the  economy  in  substitution, 
even  at  the  present  time,  would  justify  its  use  in  many  cases. 

F.  Collingwood,  M.  Am.  Soc.  C.  E. — By  request  of  the  Chairman  of 
the  Committee  I  took  up  the  subject  of  the  question  of  cost,  and  have 
written  very  briefly  upon  it. 

The  report  gives  in  the  appendices  three  different  methods  of  esti- 
mating the  economy  to  be  derived  by  using  some  process  for  preserving 
ties.  That  by  Mr .  Andrews  gives  the  money  saving  at  the  end  of  the 
term  of  life  of  the  preserved  tie.  That  by  Mr.  Harrod,  the  life  that  the 
preserved  tie  must  have  in  order  to  make  the  cost  of  using  preserved  or 


382  DISCUSSION    ON   THE    PRESERVATION   OF   TIMBEE. 

unpreserved  ties  equal.  That  by  Mr.  Welch,  the  money  value  of  any 
tie  in  use  when  compared  -with  the  white  oak  unpreserved  tie  taken  as  a 
standard ;  the  difference  between  this  money  value  and  the  cost  showing 
the  economy  or  loss  in  use. 

In  the  first  and  last  of  these  investigations  the  authors  have  com- 
pounded the  interest  on  the  several  costs;  in  the  second  case  simple 
interest  only  has  been  taken.  This  is  a  point  that  must  be  settled  before 
any  close  agreement  can  be  reached  in  the  discussion.  While  theoreti- 
cally it  is  correct  to  use  compound  interest  in  all  computations  of  this 
kind,  practically  the  results  are  often  misleading.  Wherever  the  interest 
remains  in  hand,  and  is  reinvested  as  principal,  as  in  the  case  of  Savings 
Institutions,  or  Life  Insurance  Companies,  the  interest  can  be  com- 
pounded, but  even  then  all  expenses  for  management  or  losses  of  any 
kind  must  be  deducted  annually;  so  that  in  very  few  cases  is  full  com- 
pound interest  ever  realized,  that  is,  interest  compounded  at  the  full 
legal  rate. 

Now,  railroads  are  not  lenders  but  borrowers.  Their  accounts  show 
each  year  a  large  amount  paid  on  interest  account,  and,  as  a  prominent 
item  in  working  expenses,  renewals  of  ties.  Compound  interest  never 
figures  there,  and  even  if  there  be  a  renewal  fund  on  interest,  the  inter- 
est is  spent  each  year  and  cannot  be  compounded.  "You  cannot  eat 
your  cake  and  have  it  too." 

In  making  comparisons  it  is  necessary,  also  for  fairness,  to  compute 
interest  on  all  sums  paid  out  to  the  end  of  the  term  of  life  of  the  longest 
lived  tie;  otherwise  interest  will  be  charged  at  the  end  of  the  shorter 
life  on  the  interest  which  has  accumulated  on  the  difference  in  first  cost. 
This  tells  against  the  longest  lived  tie,  and  makes  Mr.  Andrews'  method 
not  quite  fair  to  himself. 

By  his  suppositions  and  methods  (using  simple  interest),  the  saving 
per  mile  by  creosoting  is  $3  086.10,  but  by  taking  interest  on  the  one  side 
on  $2  340  for  16  years,  and  on  the  other  on  $2  080  for  16  years,  and 
$2  470  for  8  years,  the  actual  saving  is  shown  to  be  $3  146,  or  151  per 
cent,  on  the  cost  of  first  laying  of  the  cheapest  tie. 

Table  No.  1  following  gives  a  few  results  worked  out  by  this  method. 
By  this  it  seems  that  the  rate  of  interest  paid  makes  no  material  differ- 
ence in  the  percentage  of  economy  obtained  by  preservation  of  ties.  As 
the  cost  of  ties  increases,  the  economy  increases  rapidly.  As  the  cost  of 
preservation  increases  the  economy  diminishes  rapidly. 
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On  the  supposition  that  an  unpreserved  tie  before  laying  cost  40 
cents,  first  laying  15  cents,  and  renewals  15  cents  more  (or  a  total  of  55 
cents  in  new  track,  and  70  cents  when  in  old  track),  and  that  it  will  last  5 
years;  also  that  a  preserved  tie  will  cost  25  cents  more  and  last  12  years, 
with  interest  at  6  per  cent. ;  this  table  (see  No.  7),  shows  a  saving  per 
mile  every  12  years  of  $2  400,  or  169  per  cent,  on  the  cheaper  tie.  If 
the  life  of  the  preserved  tie  be  16  years,  according  to  European  experi- 
ence, the  saving  per  mile  will  be  $4  700  (see  No.  5). 

If  a  preserved  soft  wood  tie  with  life  of  12  years  cost  75  cents  in  new 
track,  and  an  unpreserved  oak  tie  will  last  8  years  and  cost  80  cents,  then 
the  saving  per  mile  will  be  $2  050  (see  No.  11),  or  about  the  same  as  the 
cost  of  the  oak  ties. 

As  there  are  now  in  round  numbers  500  000  000  ties  in  use  in  railroads 
in  the  United  States,  if  these  were  all  of  oak,  the  saving  by  substituting 
preserved  soft  wood  ties  under  the  last  conditions  would  be  about 
$410  000  000,  or  $34  000  000  per  year. 

If  a  preserved  oak  tie  costs  in  new  track  $1.05  and  lasts  16  years, 
and  the  same  unpreserved  costs  80  cents  and  lasts  8  years,  the  saving 
per  mile  will  be  about  $2  400  (see  No.  14),  or  on  all  the  railroads  in  the 
United  States  about  $30  000  000  per  year. 

These  figures  are  given  to  illustrate  in  a  familiar  way  the  very  great 
importance  of  the  subject  as  an  economical  question.  The  share 
capital  of  all  the  railroads  in  the  United  States  in  1884  wras,  according 
to  Poor's  Manual,  $3  708  060  583,  and  the  net  profits  $336  911  884. 
Hence,  if  such  a  saving  can  be  made,  it  will  pay  nearly  1  per  cent,  per 
annum  on  the  share  capital,  and  about  10  per  cent,  on  the  net  profits. 

Table  No.  2  is  computed  by  Mr.  Harrod's  method ;  a  column  of 
results,  according  to  his  method,  is  also  added  to  Table  No.  1.  It  will 
be  found  by  comparison  that  its  results  are  not  quite  as  favorable  to  the 
preserved  ties,  the  differences  being  due  to  slight  variations  in  the 
interest  account. 

The  difference  between  the  figures  in  the  last  column  of  Table  No.  2 
and  the  actual  life  of  the  preserved  tie  in  each  case  shows  the  measure 
of  economy  by  its  use.     The  first  method  is  the  most  direct  of  all. 

Mr.  "Welch  takes  the  unpreserved  oak  tie  as  a  standard,  and  de- 
termines the  value  of  any  other  tie  by  taking  account  of  its  first  cost 
and  the  interest  accumulating  during  its  life.  The  difference  between 
the  value  by  formula'  of  the  tie  under  examination  and  its  first   cost 
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gives  the  gain  or  loss  by  its  use.  When  used  with  simple  interest,  the 
formulas  give  anomalous  results,  as  will  be  seen  by  the  last  two  columns 
in  Table  No.  3. 

The  incompatibility  of  results  by  these  formula?,  when  compound 
interest  is  used,  is  shown  by  reference  to  that  part  of  the  appendix 
where  a  comparison  is  made  between  ties  "for  their  own  lifetime." 
Taking  the  first  case  there  mentioned,  the  various  results  can  be  put  in 
the  form  of  an  equation,  which  will  be  seen  to  be  identical,  thus  : 

0.41x2.09  — 0.41x0.80      0.80X0.41       0.41x2.09  a' v 

+ 


1+0.41  1  +  0.41  1  +  0.41  1  +  a' 

In  other  words,  the  result  arrived  at  for  the  true  value  of  the  cheaper 
tie  is  nothing  more  than  the  present  worth  of  the  interest  which  would 
accumulate  during  the  first  term  T' ,  on  the  value  of  the  indestructible 
tie.     In  the  case  of  the  hemlock  tie,  this  becomes  : 

2.09X0.272 
1  +  0.272     —"•**' 

If,  however,  we  make  the  comparison  for  the  second  half  of  the  life  of 
the  oak  tie,  we  have  to  take  account  of  the  interest  which  has  accumu- 
lated during  the  first  half,  and  the  oak  tie  must  be  charged  with  a 
capital  of  v  +  $0 .  568.  "We  get  for  the  second  term,  therefore,  a  present 
worth  of  : 

0.272(2.09  +  0.568) 

1  +  0.272 =  °-568 

or  the  hemlock  tie  worth  12  cents  more  than^cost  (0.57  —  0.45  =  0.12). 
It  is  manifest  that  C  W  and  R  will  each  be  increased  by  the  same 
amount  when  considered  as  applying  to  renewal  ties,  as  in  the  case  of 
relaying  an  old  track,  and  the  results  by  the  formulas  will  not  be 
changed. 
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DISCUSSION 
ON  THE  PRESERVATION  OF  FORESTS. 


C.  J.  H.  Woodbuky,  M.  Am.  Soc.  C.  E.— In  the  State  of  New 
Hampshire,  with  a  view  to  encouraging  the  growth  of  trees  along  the 
public  highways,  they  have  a  law  which  gives  a  modification  of  taxes  to 
those  putting  up  drinking  troughs  for  live  stock  or  planting  trees  along 
the  highways.  Wherever  that  has  been  done  it  was  in  the  most  perfunc- 
tory way,  merely  enough  to  cover  the  law.* 

A  few  years  ago  my  attention  was  called  to  the  catalpa  as  a 
tree  furnishing  a  source  of  lumber  which  resisted  decay.  I  procured 
some  seeds  of  the  catalpa  speciosa  from  Dayton,  Ohio,  and  planted  them 
in  Northeastern  Massachusetts  in  1879.  Those  trees  have  now  reached 
the  height  of  nine  feet.  I  had  100  of  them,  but  when  they  were  about 
four  feet  high  an  over- vigilant  gardener  weeded  out  most  of  them,  but 
the  remainder  are  growing  well  and  are  in  a  flourishing  condition,  and  I 
hope  to  see  them  to  the  size  that  the  tree  grows  in  the  Middle  States. 
Some  were  planted  on  alluvial  soil;  some  on  high,  rocky  and  naturally 
sterile  ground.  That  is,  as  far  as  I  have  been  able  to  learn,  the  most 
northern  growth  of  the  catalpa  tree.  If  I  may  be  permitted  to  allude  to 
the  interesting  report  of  the  Committee  on  Preservation  of  Timber,  pre- 
sented last  night,  as  far  as  the  report  of  that  committee  has  gone,  the  use 
of  lime  upon  timber  subjected  to  the  direct  dampness  of  the  earth, 
water,  or  what  is  worse,  alternate  wet  and  dry,  was  not  successful,  and 
yet  the  experience  of  every  one  of  us  shows  that  under  other  conditions 
lime  is  a  preventive  of  decay,  especially  against  dry  rot,  as  long  as  the 
wood  is  not  subjected  to  conditions  which  remove  the  lime.  Who  ever 
knew  a  lath  to  decay  ?  As  an  instance  of  the  efficiency  of  lime  in  the 
preservation  of  wood  against  decay,  I  may  cite  the  case  of  a  mill  in 
Claremont,  N.  H.,  where  the  basement  was  blasted  out  of  a  very  seamy 
ledge,  through  the  fissures  of  which  there  came  a  great  deal  of  water, 
either  by  springs  or  infiltration  from  the  canal.  It  was  blasted  out  to  the 
depth  of  two  feet  below  the  floor,  and  the  stone  chips  replaced  to  within 
four  or  five  inches  to  the  grade  of  the  floor.  As  it  came  nearer  to  the 
top  of  the  stone  filling,  finer  and  finer  stone  was  selected,  and  upon  that 
lime,  gravel  and  air-slaked  liuie,  and  then  the  spruce  was  laid  directly 
upon  the  lime.     That  was  in  1856.     Last  spring  I  was  at  the  mill  when 

*  See  note  at  the  end  of  this  discussion. 
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repairs  were  being  made,  and  fonnd  that  the  under  side  of  those  planks 
was  penetrated  by  dry  rot  to  the  distance  of  an  eighth  of  an  inch,  show- 
ing that  the  use  of  lime  had  served  to  protect  the  floor  against  dry  rot 
for  twenty-nine  years,  under  exceptionally  difficult  circumstances.  The 
use  of  wire  lathing  has  been  carried  on  for  many  years,  chieiiy  as  a  protec- 
tion against  fire.  The  earliest  use  of  it  was  in  Paris  in  some  of  the  buildings 
erected  under  the  administration  of  Bonaparte  as  First  Consul,  which  I 
have  been  informed  are  still  in  sound  condition.  At  the  Boston  Theater, 
in  a  place  where  dry  rot  might  be  expected,  around  large  spaces  in  the 
decoration,  where  such  lathiug  was  put  on  in  1853,  an  inspection  of  the 
timber  work,  back  of  the  lathing,  last  year,  showed  it  to  be  in  a  thoroughly 
sound  condition.  It  seems  to  me  that  the  effect  of  dampness  is  rather 
more  deleterious  to  wood  than  running  water,  for  I  have  seen  wheel 
pits  of  mills  where  the  ends  of  the  timber  against  wet  ledges  would 
be  sound,  while  further  up,  where  it  was  subjected  to  dampness 
rather  than  to  the  direct  application  of  water,  signs  of  very  rapid  decay 
were  shown.  In  the  matter  of  the  preservation  of  timber,  a  great  deal  of 
it  decays  because  it  surrounds  a  confined  air  space.  I  have  known  the 
basement  floors  of  mills  within  four  feet  of  the  ground  to  show  signs  of 
sweating  in  a  very  few  days  when  the  air  was  confined,  but  when  the  air 
space  was  open  and  a  circulation  of  air  forced  under  the  mill,  the  timber 
dried  and  the  dry  rot  was  stopped  entirely.  The  ventilation  of  timber  is 
a  very  important  phase  of  its  preservation,  and  much  of  the  decay  of  tim- 
ber would  have  been  prevented,  if  due  care  had  been  exercised  in  the 
protection  of  ends  exposed  to  the  w~eather,  and  the  ventilation  of  con- 
fined spaces. 

Note. — Since  the  meeting  I  have  had  a  search  made  among  the  stat- 
utes of  the  States,  and  learn  that  the  legislation  on  this  subject  seems  to 
be  directed  into  three  classes;  nineteen  States  have  protective  laws, 
which,  by  the  enactment  of  severe  penalties  upon  those  who  injure 
trees,  defend  the  owner  to  an  extent  wholly  beyond  the  remedy  fur- 
nished by  the  common  law;  the  second  class,  comprising  seventeen 
States,  have  subsidizing  laws,  which  still  further  encourage  tree  cultiva- 
tion by  direct  bounties  and  abatement  of  taxes,  in  addition  to  defenses 
against  trespassers;  the  third  class  are  without  legislation  on  the  sub- 
ject, and  include  the  seven  States  of  Florida,  Kansas,  Louisiana,  Mary- 
land, North  Carolina,  Texas  and  Washington. 

Kansas  had  a  law  containing  provisions  for  giving  bounty  to  persons 
for  planting  trees  (General  Statutes  1868,  chap.  112),  which  was  it- 
pealed  (Laws  of  1874,  chap.  76). 
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Texas  has  a  law  which  gives  a  railroad  corporation  permission  to  cut 
timber  where  it  chooses. 

Of  the  States  with  protective  laws  which  purpose  to  defend  trees 
already  grown  rather  than  to  encourage  the  planting  of  trees,  Alabama 
(Code  1876,  %  4425-4428;  Statutes  1879,  No.  137;  1885,  No.  64)  is  chiefly 
devoted  to  the  protection  of  the  pine  forests  in  the  turpentine  interest; 
also  prescribing  penalties  against  destroying  ornamental  trees  and 
setting  fire  to  forests. 

In  Arizona  the  provisions  (Code  1877,  p.  96)  refer  to  injury  to  shade 
trees.  In  Arkansas  (Digest  1884,  gg  1658-1660;  also  gg  1956-1959)  the 
laws  prescribe  penalties  for  cutting  timber,  and  setting  fire  to  forests. 
Connecticut  (General  Statutes  1875,  title  19,  chap.  17,  §  7)  has  penalties 
for  cutting  and  destroying  trees.  Dakota  (Code  1883,  %  704,  708)  makes 
the  penalties  cover  malicious  injury  to  timber,  fruit  or  ornamental  trees. 
In  Delaware  (Revision  1874,  p.  777)  the  law  indicates  the  nursery  inter- 
ests in  the  State  by  fixing  the  penalty  for  taking  ornamental  or  fruit 
trees.  Stealing  a  tree,  and  not  a  portion  or  product  of  it,  seems  a  novel 
theft,  and  certainly  would  not  occur  except  around  nursery  gardens. 

The  laws  forbidding  injury  to  timber  and  ornamental  trees  in  the  fol- 
lowing States  contain  provisions  which  are,  on  the  whole,  quite  similar 
to  each  other  in  the  desire  to  protect  a  person  in  whatever  he  chooses  to 
do  in  the  way  of  tree  planting.     The  references  are  as  follows: 

Georgia,  Code  1882,  %  4440,  4615.  Indiana,  Revised  Statutes  1881, 
gg  1928,  1961 .  Minnesota,  Statutes  at  Large  1873,  pp.  885,  994,  1003. 
Mississippi,  Code  1880,  gg  961-965.  Montana,  Ohio,  Oregon,  Pennsyl- 
vania have  numerous  laws  on  this  subject.  South  Carolina,  General 
Statutes  1882,  gg  1167,  2501,  2512.  Tennessee,  Code  1884,  gg  5403,  5425. 
West  Virginia,  Revised  Statutes  1878,  chap.  41,  \  28.  Virginia  and 
Wyoming  complete  the  list. 

The  elaborate  provisions  in  the  laws  encouraging  arboriculture  are 
followed  by  conditions  which  require  that  the  bounties  must  be  earned, 
and  give  rise  to  the  presumption  that  in  some  instances  such  laws  were 
drafted  by  enthusiasts,  and  amended  by  practical  politicians.  The  esti- 
mate of  the  value  of  tree  planting  to  the  community  is  widely  different 
in  various  States,  and  the  amount  of  the  bounty  may  be  taken  as  an 
index  of  the  popularity  of  such  legislation. 

California  recognizes  the  value  of  trees  along  the  highways,  by  mak- 
ing it  obligatory  upon  the  County  Supervisors  to  encourage  road-side 
cultivation  and  pay  to  the  planter  $1  for  every  living  tree  4  years  old 
(see  Code  of  California,  gg  13,  384,  2755  and  4080).  Colorado  (Code 
1883,  gg  3425,  3426)  has  enacted  the  peculiar  provision  that  the  plant- 
ing of  trees  shall  not  increase  the  assessed  value  of  land  until  10  years 
after  planting  ;  and  that  an  annual  premium  of  $2  for  every  100  trees 
shall  be  paid  from  the  fourth  to  the  tenth  year  after  planting. 

Idaho,  in  the  Act  of  January  4,  1875  (Revised  Laws,  page  712)  goes 
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even  further,  and  exempts  from  taxation  for  a  term  of  10  years  tracts  of 
planted  trees  over  5  acres  in  extent. 

Illinois  (Revised  Statutes  1880,  cliap.  13G)  permits  county  boards  to 
offer  a  premium  of  $10  per  acre.  Iowa  has  elaborate  provisions,  allow- 
ing partial  remission  of  taxes  on  forest  plantations  (Rev.  Code  1880,  % 
798,  3889,  3899,  Acts  1880,  chap.  190). 

The  laws  of  Maine  (Revised  Statutes  1881,  p.  144)  show  that  the 
immense  lumber  interests  of  that  State  are  beginning  to  feel  the  effects 
of  indiscriminate  felling  of  native  forests,  as  their  present  laws  exempt 
from  taxation  for  20  years  land  containing  2  000  forest  trees  planted  on 
each  acre.  In  the  great  lumber  State  of  Michigan,  the  bounty  is  framed 
for  the  encouragement  of  tree  planting  along  the  highways  (Statutes 
1882,  \  1408,  1410,  9129,  9171,  9173,  9174,  9193,  9405,  9407). 

The  Commonwealth  of  Massachusetts  allows  towns  to  raise  money  to 
plant  shade  trees  (Public  Statutes,  chap.  27,  \  12),  and  also  encourages 
growth  of  ship  timber  (chap.  114,  \  8),  and  exempts  timber  plantations 
from  taxation  between  the  fourth  and  tenth  years.  Missouri  (Revised 
Statutes  1879,  \  5697)  fixes  the  forest  bounty  at  $2  per  acre  for  15  years. 
Nebraska  gives  a  bounty  of  the  compromise  sum  of  $3.33  per  acre,  and 
limits  the  application  of  the  payment  to  plantations  of  3  acres.  Also 
compels  towns  to  plant  shade  trees,  and  levies  special  taxes  therefor 
(Compiled  Statutes  1881,  p.  52). 

The  laws  of  Nevada  (Compiled  Laws  1872,  $5  3838,  3842  ;  Statutes 
1877,  chap.  113)  are  similar  to  those  of  Colorado,  in  limiting  taxation 
and  giving  bounties. 

In  New  Hampshire  the  towns  may  raise  money  to  set  out  shade  trees, 
and  abate  taxes  to  persons  who  do  so  (Gen.  Laws  1878,  chap.  37,  \  9  ; 
chap.  281,  I  3). 

His  Excellency  the  Governor  of  New  Jersey  is  authorized  by  the  Act 
of  February,  1884,  to  set  apart  a  day  in  each  year  for  planting  forest- 
trees. 

New  Mexico  (Compiled  Laws  1884,  \  2809)  offers  exemption  from 
taxes  similar  to  those  of  other  States. 

New  York  abates  highway  tax  to  persons  planting  shade  trees  along 
the  roads  (Revised  Statutes,  7th  Ed.,  pp.  1263,  1235,  1257,  2208,  2517, 
2527,  2483). 

Rhode  Island  exempts  forests  plantations  of  2  000  trees  to  the  acre 
on  land  worth  less  than  $25  per  acre,  for  15  years  after  the  trees  arc  I 
feet  high.  There  is  not  much  laud  within  the  boundaries  of  this  thickly- 
settled  State,  and  the  amount,  whose  low  value  renders  it  eligible  to 
enter  into  this  competition,  must  be  relatively  smaller  than  in  any  other 
State.  The  State  of  Wisconsin  (Statutes  1871,  Title  VI,  chap.  19,  >/, 
166-168;  Title  XIII,  chap.  77,  \\  32-36)  contains  elaborate  provisions 
framed  to  encourage  tree  planting. 
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Mendes  Cohen,  M.  Am.  Soc.  C.  E.  (Chairman  of  the  Convention) — 
I  may  say  that  farther  discussion  of  the  question  of  the  preservation  of 
timber  is  quite  open.  If  any  remarks  are  to  be  made  on  that  subject  in 
connection  with  the  subject  of  the  preservation  of  forests,  the  Conven- 
tion will  be  glad  to  hear  them. 

James  B.  Francis,  Past  President  Am.  Soc.  C.  E. — In  reference  to 
planting  timber,  the  cottonwood  we  all  know  is  a  very  rapidly  grow- 
ing timber,  but  it  decays  very  quickly.  According  to  my  experience,  it 
can  be  preserved  from  decay  as  well  as  any  other  wood.  I  have  a  cotton- 
wood  post  in  the  ground  twenty-tln*ee  years,  and  it  is  well  preserved  yet. 
If  timber  is  to  be  planted  and  cottonwood  can  be  made  useful  for  tim- 
ber by  treatment,  it  would  be  worthy  of  extensive  cultivation.  It  is  a 
rapidly  growing  timber  and  can  be  made  a  good  timber  for  many  uses. 
It  would  seem  to  be  worthy  of  cultivation  on  the  prairies.  In  ten  years, 
I  suppose,  probably  less,  it  would  be  large  enough  for  many  railroad 
purposes.  As  I  said  before,  I  am  confident  that  it  can  be  preserved  from 
rapid  decay  as  well  as  any  other  wood. 

J.  F.  EiiAGG,  M.  Am.  Soc.  C.  E. — What  do  you  think  of  the  com- 
parative strength  of  cottonwood  and  white  pine  ? 

Mr.  James  B.  Francis. — I  sujipose  it  is  very  inferior  to  white  pine; 
but  then  it  grows  so  much  more  rapidly,  say  in  10  years  instead  of  100, 
and  it  has  strength  enough  for  many  purposes. 

Mr.  F.  Collingwood. — Mr.  North  spoke  of  the  growth  of  pine  taking 
so  long  a  time.  Those  who  have  ever  read  closely  the  proceedings  of 
the  Forestry  Convention  of  Montreal  cannot  help  having  been  struck  by 
the  fact  that  it  is  possible  to  make  a  forest  begin  to  pay  its  way  quite 
soon  anywhere  within  reach  of  a  market  by  not  waiting  for  the  timber 
to  grow  to  a  size  for  use  as  timber,  but  planting  quite  thickly  and  grad- 
ually thinning  out. 

The  various  writers  do  not  recommend  that  the  choicest  farm  lands 
shall  be  devoted  to  tree  planting,  but  the  many  wTaste  places,  hill- 
sides, etc.,  to  be  found  on  almost  any  farm  ;  also  a  strip  of  land  on  the 
north  and  west  to  ward  off  the  cutting  winter  winds.  Various  expe- 
riences are  given  showing  profits  realized  annually  per  acre  (after  paying 
rent)  of  $1 .  25  up  to  850  in  an  extreme  case.  The  first  sum  was  on  land 
valued  at  $20  per  acre.     The  returns  begin  to  come  in  after  5  to  8  years. 

The  governing  principle  in  forest  culture  seems  to  be  that  the  foliage 
shall  at  all  times  be  dense  enough  to  protect  the  soil  from  the  drying 
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effect  of  the  sun  and  winds.  As  a  result  of  this,  the  trees  grow  mostly 
upward  ;  the  lower  limbs  die  or  are  cut  off  before  they  become  large 
enough  to  cause  bad  knots,  and  the  subsequent  annual  rings  are  clear 
and  straight.  Thinning  begins  when  the  wood  is  large  enough  for 
hoop-poles  (if  the  wood  be  suitable),  then  hop-poles,  small  masts, 
stanchions,  mine  timbers,  fuel,  etc.,  being  carried  on  systematically, 
with  a  due  regard  to  the  principle  first  mentioned. 

T.  Egleston,  M.  Am.  Soc.  C.  E. — The  experience  I  have  had  with 
timber  has  been  mostly  with  regard  to  its  use  as  fuel.  It  has  been 
shown  by  long  experience  in  the  forestries  of  Europe  that  it  is  quite 
possible  for  the  farmer  to  get  as  good  a  rate  of  income  from  cer- 
tain kinds  of  land  for  timber  as  from  cultivating  it  in  crops.  "While 
the  use  of  timber  as  fuel  has  no  particular  interest  for  this  Con- 
vention, the  same  general  principle  is  true  as  regards  fuel  as  is  true 
of  timber,  and  I  am  certain  that  any  systematic  effort  to  plant  land 
with  timber  on  mountain  slopes  would  yield  as  large  a  return  as 
planting  it  in  crops  in  any  part  of  the  United  States.  It  is  true  that 
to  get  the  best  kind  of  timber  you  have  to  wait  a  long  time;  but  in  plant- 
ing a  large  area  of  ground,  as  the  French  and  German  Governments 
have  been  obliged  to,  the  ground  has  yielded  to  the  Government  as 
good  a  return  for  the  capital  invested  as  any  other.  Their  plan  is  to 
use  it  for  timber,  and  the  plan  Mr.  Collingwood  suggested  is  the  one 
they  use  ;  they  plant  a  very  large  number  of  trees  and  then  thin  out. 
In  the  course  of  ten  or  fifteen  years  the  ground  begins  to  yield  an  in- 
come, and  from  that  time  yields  an  income  every  year,  and  as  it  is 
thinned  oiit  the  timber  gets  more  valuable.  What  is  needed  in  this 
country  is  the  passage  of  laws  relating  to  trees.  This  subject  was  a 
matter  of  so  great  importance  for  the  preservation  of  animals  on  the 
plains  that  it  used  to  be  my  habit  when  I  first  went  there  to  get  the 
farmers  together  and  talk  to  them  about  the  cialtivation  of  trees.  I 
have  known  large  forests  of  cottonwood  to  grow  up  within  ten  years  so 
as  to  be  large  trees  from  fourteen  to  eighteen  inches  in  diameter,  but  in 
those  parts  of  the  country  it  is  only  used  as  a  protection  against  winds. 
The  cottonwood  is  a  great  grower,  and  if  anything  can  be  done  with  it, 
it  would  be  valuable  on  that  account.  But  hard  wood  trees  can  be  prop- 
agated as  well  as  others,  and  what  is  wanted  in  this  matter  is  not  science 
but  legislation. 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E. — It  has  occurred  to  me  that, 
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while  these  efforts  to  preserve  the  timber  supply  are  very  commendable, 
yet  from  a  certain  point  of  view  there  is  no  danger  whatever  of  our  fail- 
ing to  have  as  much  timber  as  it  is  for  the  public  interest  that  we  should 
use.  The  present  use  of  timber  in  the  United  States  is  three  or  four 
times  as  great  as  in  any  other  country  for  the  same  purposes,  and  five 
or  six  times  as  much  as  it  is  for  the  public  interest  that  it  should  be.  I 
question  very  much  whether  it  is  a  public  advantage  to  have  timber  over 
cheap.  Even  in  our  large  cities  the  use  of  timber  is  much  more  general 
than  in  other  parts  of  the  world,  and  it  can  be  shown  by  figures  that  the 
use  of  timber  is  actually  costing  the  City  of  New  York  more  for  insurance 
and  in  the  maintenance  of  the  Fire  Department,  and  in  loss  and  injury  to 
property,  than  it  would  cost  to  require  all  buildings  to  be  made  fire- 
proof from  the  beginning.  For  railroad  purposes  also,  for  the  platforms 
and  buildings  along  the  track,  wood  is  entirely  unsuitable.  It  is  contrary 
to  public  interest  that  these  should  be  built  entirely  of  wood.  It  would 
cost  very  little  more  to  erect  brick  or  stone  or  concrete  buildings  or 
something  of  the  kind,  and  in  the  end  the  public  would  be  better  served. 
I  have  been  for  some  years  in  a  country  where  wood  is  inconceivably 
scarce.  It  is  found  only  in  the  furthermost  recesses  of  the  mountains,  and 
when  once  cut  it  never  grows  again.  Nothing  in  this  country  will  com- 
pare with  it.  Nevertheless,  the  community  get  along  very  comfortably. 
Instead  of  building  houses  that  will  last  only  eight  or  ten  years,  or  be 
burned  down  in  six  months,  the  buildings  there  will  be  as  good  one 
hundred  years  from  now  as  they  are  to-day.  To  be  sure,  they  require 
no  fire  for  heating  purposes.  For  cooking,  they  manage  to  dispense 
with  wood  to  a  very  large  extent.  Sufficient  wood  is  brought  on  the 
backs  of  men  or  donkeys  from  a  distance  of  fifteen  or  twenty  miles.  In 
comparing  that  situation,  which  prevails  in  many  parts  of  the  world 
where  civilization  flourishes  well,  with  the  situation  in  this  country,  we 
find  that  we  have  an  enormous  area  where  timber  will  grow  freely,  and 
that  our  supply  of  timber  is  sufficient,  with  ordinary  preservation  and 
care,  to  answer  all  purposes,  to  give  all  the  timber  we  really  need.  If 
timber  gets  high  in  price,  people  will  use  brick  or  stone  and  be  more 
comfortable  as  well  as  more  safe. 

J.  J.  E.  Ceoes,  M.  Am.  Soc.  C.  E.— Will  Mr.  Wellington  kindly 
name  the  country  where  he  has  been,  so  that  it  may  go  down  as  a  matter 
of  record  ? 

Mr.    A.    M.    Wellington. — I  refer  to  Mexico.     The  civilization  of 
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Mexico  is  higher  than  people  imagine,  although,  of  course,  not  as  high  as 
ours,  and  it  is  very  interesting  to  see  to  what  an  extent  it  is  possible  to 
dispense  with  timber.  For  instance,  such  things  as  the  piazzas  about 
this  building  would  be  made,  in  Mexico,  of  light,  graceful  cut  stone 
work,  not  much  heavier  than  these  piazzas  are,  and  the  effect  is  very 
beautiful.  Here  we  build  with  wood,  and  they  very  largely  with  stone. 
We  build  in  that  way  largely,  I  think,  from  habit.  We  build  a  hand- 
some cut  stone  house  and  put  a  wooden  piazza  outside  instead  of 
building  arches  of  stone  ;  I  think  largely  from  the  fact  that  they  are 
so  little  used  that  it  is  not  realized  how  little  additional  cost  they  in- 
volve. 

Mr.  Edwakd  P.  North. — I  am  surprised  to  hear  a  Member  of  this 
Society  expressing  such  sentiments.  The  inconvenience  in  Mexico  from 
the  lack  of  wood  is  something  no  man  brought  up  in  this  country  can 
understand.  The  impossibility  of  getting  wood  for  structural  purposes 
has  been  a  continual  drawback  to  the  success  of  Mexico.  They  have 
made  makeshifts  at  a  great  expense  by  which  to  build  comfortable 
houses.  The  element  of  permanence  which  Mr.  Wellington  has  spoken 
of  I  think  is  objectionable.  As  the  country  is  now  growing,  with  new 
wants  and  new  appliances  for  satisfying  those  wants,  any  house  built 
to  day  will  twenty  years  from  to-day  be  inadequate.  New  appliances 
will  be  required  which  render  it  necessary  that  the  house  shall  be 
taken  down  and  a  new  one  built  in  its  place.  In  the  City  of  New 
York  there  are  not  two  per  cent,  of  the  houses,  except  in  the  poorest 
parts  of  the  city,  that  are  not  altered  in  twenty  or  thirty  years  at  a  great 
expense,  sometimes  greater  than  if  the  houses  were  torn  down  and  built 
from  the  foundation.  The  necessities  of  our  country  are  growing  so 
that  permanence  in  a  house  either  for  residence  or  business  purposes 
is  not  desirable. 

Prof.  T.  Egleston. — I  do  not  know  about  our  houses  not  being  j>er- 
manent.  I  am  the  owner  of  a  house  built  in  1783.  It  is  a  wooden 
house,  and  I  had  occasion  to  cut  out  some  timber  from  it  lately,  mostly 
oak,  and  I  think  it  is  just  as  sound  as  when  the  house  was  built.  That 
is  pretty  permanent  I  think. 

Mr.  A.  M.  Wellington. — I  do  not  think  that  any  one  can  fairly  draw 
the  conclusion  from  what  I  said  that  the  condition  of  things  in  Mexico 
in  regard  to  the  timber  supply,  or  anything  approaching  to  it,  would 
be  anything  but  a  great  public  evil  here.     What  I  did  say  was  that  the 
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conditions  in  this  country  are  such  that,  do  what  we  will,  there  will 
always  be  an  abundant  supply  for  all  legitimate  necessities,  and  that  a 
very  large  part  of  our  use  of  timber  is  a  public  evil ;  not  all  by  any 
means,  and  that  the  use  of  timber  very  often  is  not  even  an  immediate 
economy.  The  most  conspicuous  example  is  in  large  cities,  where 
wooden  cornices,  floors,  walls,  interior  fittings,  etc.,  create  danger  from 
fire,  which  costs  a  great  deal  more  in  the  City  of  New  York  than  it 
would  cost  to  build  in  the  first  place  of  approximately  more  fire-proof 
material,  so  that  fires  would  not  be  so  ever  present  a  danger  as  now. 

Mr.  P.  Collingwood. — I  think  we  may  fairly  quote  in  this  connection 
such  a  country  as  Great  Britain,  which  is  drawing  its  supplies  to-day 
from  Canada,  from  this  country,  and  from  nearly  all  the  world,  and  they 
find  it  necessary  to  do  it.  They  can  not  get  large  timber  except  by  doing 
so.  I  think,  as  engineers,  we  would  find  ourselves  in  great  trouble  some- 
times if  we  could  not  get  large  timber.  Some  years  ago  I  wanted  to  get 
some  white  oak  piles  for  a  bridge,  and  I  had  a  good  deal  of  trouble  to 
find  them.  It  is  a  question  of  economics.  It  is  not  that  we  cannot  get 
the  timber,  that  it  is  not  in  the  United  States,  but  the  price  of  timber  is 
rapidly  increasing,  and  as  the  supply  is  exhausted  which  we  are  now 
drawing  on,  we  shall  have  to  go  further  for  it,  and  it  will  cost  us  a  great 
deal  more.  I  would  be  very  glad  to  take  up  the  question  of  the  effect 
of  the  destruction  of  our  forests  upon  climate  locally  and  upon  the  water 
supply.  Every  one  who  has  lived  upon  a  stream  for  30  or  40  years 
knows  what  a  change  there  has  been  as  soon  as  trees  have  been  cut  off 
from  its  head  waters.  It  is  a  necessity  almost  upon  us  to  cultivate  the 
growth  of  timber  to  help  to  conserve  the  water  supply  and  make  it 
more  uniform. 

Chas.  Latimek,  M.  Am.  Soc.  C.  E. — While  I  believe  that  it  is  a  very 
good  thing  to  preserve  timber,  and  take  care  of  the  forests,  I  think  with 
Mr.  Wellington  that  we  borrow  a  good  deal  of  trouble.  I  remember, 
when  I  was  in  Buenos  Ayres,  I  wras  very  much  shocked  to  find  that  all 
the  wood  that  could  be  bought  was  peach  trees,  and  I  was  very  much 
astonished,  when  I  was  out  there,  at  a  very  remarkable  discovery — the 
discovery  of  oil  in  this  country.  Every  one  was  expecting  that  the 
whales  would  give  out  and  there  would  be  no  oil,  and  all  of  a  sudden 
more  oil  was  found  than  we  could  use.  You  remember  Rankin  wrote 
a  paper  :  "What  Shall  We  Do  for  Coal  in  England?"  and  now  they 
have  found  that  they  have   abundance  of  coal.    In   Wyoming  Valley, 
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where  they  had  a  good  deal  of  black  coal,  the  question  arose  finally, 
"What  are  we  going  to  do  for  cheap  coal ;  it  is  giving  out?"  Well,  in 
the  Pittsburgh  region  they  have  opened  up  immense  gas  fields.  The 
next  question  was,  "  What  are  we  going  to  do  for  steel?"  and  we  are 
making  it  now  as  cheaply  as  iron.  And  now  the  question  arises,  "  What 
are  we  going  to  do  for  hoop-poles  ?"  But  iron  is  used  for  hoops 
almost  universally.  As  to  the  question  of  building  houses,  Mr.  Wel- 
lington spoke  of  everything  but  aluminum.  We  will  have  aluminum 
houses  after  awhile  or  some  other  metal,  and  not  be  bothered  with 
wood.  I  think  the  trouble  of  cutting  the  forests  is  very  much  like 
killing  the  bears  or  killing  the  buffaloes.  If  you  give  urj  cutting  tim- 
ber for  50  years  the  whole  country  will  be  overrun  with  forests,  and  the 
question  will  be  how  to  get  rid  of  them.  The  question  is  not  yet 
serious. 

Gustav  Lindenthal,  M.  Am.  Soc.  C.  E. — There  is  an  interesting 
point  in  the  paper  about  the  preservation  of  ties.  I  had  occasion  to  talk 
with  an  official  in  Prague,  Bohemia,  on  the  question  of  renewing  ties, 
and  he  said  they  found  it  a  saving  to  use  iron  ties  when  oak  ties  reached 
the  price  of  one  florin.  Iron  is  25  per  cent,  cheaper  there  than  it  is  here. 
In  respect  to  the  preservation  of  timber,  I  would  like  to  state  a  fact. 
Preserved  timber  was  used  for  a  bridge  floor  in  Pittsburgh,  and  to  my 
disappointment  and  surprise  I  found  it  rotten  in  some  places  after  one 
year,  namely,  the  wooden  blocks  set  on  end  between  the  tracks,  where 
horses  rarely  step,  or  that  portion  of  the  bridge  which  is  used  the  least.  I 
am  not  quite  satisfied  as  to  the  cause.  I  think  that  where  the  tracks  are 
used  the  fiber  is  beaten  down  and  compressed,  in  this  manner  excluding 
the  water  to  a  certain  extent  and  preserving  the  wood.  On  the  other 
hand,  where  the  surface  of  the  blocks  is  not  compressed  by  travel  the 
action  of  rain  and  sprinkling  washes  out  the  fireservative  and  the  loose 
grained  and  spongy  wood  rots  faster  than  it  would  if  not  preserved.  In 
London  and  other  places,  where  wooden  pavements  are  largely  used,  they 
wear  off  faster  than  they  could  rot.  The  question,  where  we  shall  get  a 
supply  of  timber  from  in  the  future,  is  an  iuqiortant  one.  I  think  there 
is  an  invention  for  making  artificial  timber  from  straw.  Should  the  price 
of  timber  get  so  high  that  we  would  be  obliged  to  get  a  substitute  for  it 
somewhere,  the  inventors  of  this  country  may  find  a  substance  that  can 
be  manufactured  cheaply.  Where  nature  works  slowly  they  may  work 
fast. 


398  DISCUSSION"    ON   THE    PKESERVATION   OF    FORESTS. 

O.  Chanute,  M.  Am.  Soc.  C.  E.  —  A.  number  of  questions  have  been 
asked  which  I  should  like  to  answer  concerning  the  report  of  the  Com- 
mittee on  the  Preservation  of  Timber,  but  it  is  getting  late,  and  there  is 
other  business  before  the  Convention,  and  I  suggest  that  other  discussion 
be  postponed  until  some  future  meeting,  and  that  members  be  requested 
to  present  written  discussions  at  that  time. 

J.  N.  Tubbs,  M.  Am.  Soc.  G.  E. — It  would  be  very  interesting  if  the 
committee  would  extend  their  discussion,  and  make  some  practical  sug- 
gestions as  to  the  best  methods  of  encouraging  the  preservation  of  our 
forests;  whether  it  should  be  done  under  the  control  of  the  General 
Government  or  the  State,  or  what  should  be  done  to  encourage  private 
enterprise  in  that  direction. 

Mr.  O.  Chanute. — I  wish  to  state,  in  connection  with  the  suggestion 
just  made,  that  this  committee  has  been  at  work  for  five  years.  It 
has  made  the  report  originally  asked  for,  and  it  is  hoped  that  the  com- 
mittee will  be  relieved  from  further  duty,  and  that  whatever  action  it  may 
be  desired  that  the  Society  shall  take  shall  be  introduced  in  the  form  of 
a  new  resolution. 
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NEW   METHOD  OF    MAKING    CONVENTIONAL    SIGNS 
ON  ORIGINAL  TOPOGRAPHICAL  MAPS. 


By  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E. 
Read  at   the   Annual   Convention,  June    26th,   1885. 


The  use  of  characters,  rather  than  colors,  to  represent  on  maps  the 
different  kinds  of  vegetation,  soil,  etc.,  has  mainly  been  restricted  to 
maps  issued  by  the  General  Government.  The  principal  reasons  for  this 
have  doubtless  been  that  the  former,  being  hand  work,  was  too  expensive, 
and  required  too  much  time  for  general  use;  and,  furthermore,  draughts- 
men skilled  in  this  class  of  work  are  (juite  rare.  No  system  of  colors  can 
give  as  satisfactory  a  representation  of  the  surface  features  of  the  section 
mapped  as  can  be  obtained  by  a  proper  use  of  conventional  characters. 

If  it  is  desired  to  reproduce  the  originals  by  photo-lithography  or  an- 
alogous processes,  the  latter  style  is  far  more  economical. 

For  making  these  characters  mechanically,  stamps  of  different  kinds 
have  been  devised,  but  I  believe  that  heretofore  their  use  has  not  been 
successful,  owing  to  the  difficulty  of  producing  characters  of  the  required 
excellence,  and  also  to  difficulties  of  manipulation  of  the  stamps. 
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In  a  series  of  maps  it  is  desirable  to  have  a  uniform  style  throughout ; 
and  where  the  number  is  large,  so  as  to  necessitate  the  employment  of 
several  draughtsmen,  this  can  only  be  accomplished  by  assigning  a  par- 
ticular class  of  work  to  each  man,  and  have  each  chart  pass  through  sev- 
eral hands.  This  may  be  very  trying  to  the  individual,  as  some  of  the 
work,  such  as  sanding,  is  very  tedious  and  monotonous.  On  the  whole, 
the  plan  serves  to  improve  the  quality  of  the  work,  but  it  is  not  calcu- 
lated to  increase  the  caliber  of  the  employees,  and  should,  therefore,  be 
avoided  if  possible. 

The  recently  completed  topographic  and  hydrographic  survey  of 
the  Mississippi  River,  from  Cairo  to  Donaldsonville,  covering  some 
2  800  square  miles,  made  chiefly  under  the  direction  of  the  Mississippi 
River  Commission,  is  projected  on  some  230  antiquarian  (31"x52") 
sheets.  As  it  was  very  desirable  to  have  the  data  available  at  the  earliest 
time  possible,  I  began  experimenting  with  different  devices  for  printing 
conventional  signs  as  well  as  letters,  bearing  in  mind  that  the  results 
must  be  as  good, or  better,  in  quality  than  the  usual  hand  work  on  similar 
niaps,  and  that  simplicity  and  speed  were  essential  elements.  The  Sec- 
retary of  the  Mississippi  River  Commission,  First  Lieut.  Smith  S.  Leach, 
Corps  of  Engineers,  M.  Am.  Soc.  C.  E.,  gave  me  every  facility  for  car- 
rying on  these  experiments,  and  the  results,  I  believe,  are  of  sufficient 
importance  to  justify  a  description  of  the  several  steps  which  culminated 
in  a  mechanical  device  for  printing  conventional  signs  on  original  maps 
that  has  been  found  satisfactory  in  the  work  described  above. 

The  first  thing  necessary  was  to  find  some  way  to  construct  suitable 
characters  of  metal  or  other  hard  material.  Engraving  was  tried,  but 
with  indifferent  results.  Drawings  one  inch  square  were  then  made  of 
two  signs,  cotton  and  woods,  and  the  photo- electroty ping  process  was 
tried.  In  this  way  the  signs  were  produced  in  type-metal  and  they 
were  mounted  like  the  rubber  stamp  in  common  use.  The  result  was 
by  no  means  satisfactory,  as  the  individual  signs  did  not  stand  out 
enough,  and,  when  inked  by  hand,  the  stamp  would  clog  up.  The  signs 
were  good,  and  when  used  in  a  printing  press,  the  impression  was  found 
to  be  a  fac  simile  of  the  original  drawing,  with  the  fine  lines  all  faith- 
fully reproduced.  Another  trial  was  then  made  with  a  drawing  four  inches 
square,  and  a  special  effort  was  made  to  etch  as  deep  as  possible.  This 
was  found  quite  satisfactory,  as  far  as  the  signs  were  concerned,  but  it 
required  too  much  pressure  to  admit  of  use  by  hand.  To  obviate  this, 
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rubber  stamps  were  cast  from  the  metal  ones,  and  with  them  it  was 
found  that  a  single  impression  could  be  made  very  well,  but  the  adjoin- 
ing one  in  consequence  of  variations  in  quantity  of  ink  or  pressure, 
would  not  he  the  same  shade.  Then  there  was  also  the  difficulty  of  join- 
ing the  different  impressions  when  the  area  required  was  larger  than  the 
stamp.  For  areas  smaller  than  the  stamp,  a  stencil  of  the  size  and  shape 
of  the  held  to  he  printed  was  cut  from  thin  paper,  and  the  impression 
was  fairly  good.  On  the  whole,  a  sheet  of  paper  printed  over  in  this 
way  had  a  pattern-like  appearance,  due  to  the  difference  in  the  impres- 
sions and  also  to  the  repetitions  of  the  forms  given  by  the  stamp.  The 
flat-metal  stamp  could  not  be  used  in  printing  through  a  stencil,  and 
the  rubber  could  not  be  relied  on,  so  a  cylinder  was  resorted  to,  the  idea 
being  that,  as  there  would  only  be  one  line  in  contact  with  the  paper  at 
a  time,  sufficient  pressure  could  easily  be  applied.  The  cylinder  was 
solid  cast-iron,  4£  inches  diameter  by  6  inches  long,  and  weighed  about 
27  pounds.  An  electrotype  of  the  signs  was  made  into  a  hollow  cylin- 
der of  a  size  that  would  just  slip  over  the  iron  one.  The  latter  was  pro- 
\  ided  with  ink  rollers  on  a  suitable  frame,  by  means  of  which  the  stamp 
was  inked  as  it  was  rolled  over  the  paper.  The  metal  for  this  stamp  was 
about  J -inch  thick,  and,  in  bending  it  into  a  hollow  cylinder,  it  was 
impossible  to  keep  the  surface  straight.  The  ends  would  expand  more 
than  tlic  center,  hence  the  latter  diameter  would  be  smaller,  and  would, 
consequently,  give  a  very  light,  if  any,  impression,  while  that  at  the 
•  •mis  would  be  heavy.  The  surface  was  too  delicate  to  admit  of  ham- 
mering,  so,  after  several  attempts  to  remedy  the  defect,  it  was  given  up, 
and  rubber  was  again  resorted  to.  Rubber  stamps  were  cast  about 
J -inch  thick  and  these  were  used  on  wooden  cylindei's  of  the  same  dimen- 
sions as  the  iron  one  and  used  in  the  same  frame.  With  this  arrange- 
ment an  effort  was  made  to  obtain  uniformity  in  the  impression  by 
using  a  constant  weight,  but  without  success. 

So  far  the  stamps  themselves  were  all  that  could  be  desired,  and  the 
cylinder  seemed  to  be  the  proper  form  for  them,  but  they  could  not  lie 
manipulated  so  as  to  give  the  required  results.  It  was  evident  by  this 
time  that  a  uniform  impression  all  over  the  map  could  only  be  obtained 
by  using  a  stamp  with  a  hard  surface,  and  it  should  also  be  elastic  so  as 
to  print  through  a  stencil. 

A  copper  electrotype  shell,  s  s,  Fig.  I,  Plate  XXVI,  was  then  made, 
and   backed  with  rubber,  r  r,   Fig.   I,  about   ^-inch   thick.      This  was 


402  OCKEKSON    OX   TOPOGKAPHICAL    MAPPING. 

wrapped  around  a  wooden  cylinder,  w  w,  Fig.  I,  of  the  same  diameter  as 
the  former  ones,  but  only  3  inches  long.  An  adjustable  handle,  h  h, 
Fig.  I,  passing  through  the  axis,  giving  it  the  appearance  of  a  rolling- 
pin,  completed  the  device.  This  is  inked  for  each  revolution  by  revolv- 
ing it  in  contact  with  an  ink-roller,  Fig.  II.  In  printing,  it  is  rolled 
slowly  over  the  map,  the  amount  of  pressure  being  regulated  by  the 
force  applied  at  the  handles.  It  will  be  seen  that  the  full  size  of  one 
revolution  of  the  roller  will  be  about  3  inches  by  13  inches,  but  many  of 
the  areas,  such  as  fields,  etc.,  are  much  larger  than  this,  and  as  the 
joining  of  two  impressions  is  easy  to  make  by  laying  a  piece  of  paper 
along  the  printed  edge  and  letting  the  roller  overlap  a  little,  it  was  not 
thought  best  to  increase  the  length  of  the  cylinder,  as  it  would  require 
more  pressure. 

This  device  was  found  to  work  perfectly  through  stencils  of  any  size 
and  shape. 

There  still  remained  one  difficulty  in  the  way  of  rapid  execution. 
The  outlines  of  the  map,  such  as  water  courses,  roads,  etc.,  as  well  as 
the  lettering,  are  necessarily  put  on  the  map  before  the  signs.  To  print 
the  signs  and  not  interfere  with  these  characters,  which  should  remain 
clear  and  distinct,  was  quite  essential.  After  trying  several  plans,  such 
as  covering  with  narrow  slips  of  paper,  etc.,  a  pencil  made  of  common 
starch  was  finally  hit  upon.  This  proved  to  be  entirely  satisfactory. 
To  cover  up  a  name,  it  is  only  necessary  to  pass  the  pencil  over  it  once 
and  the  ink  on  the  stamp  will  not  take  on  the  starched  surface.  After 
the  printing  is  done  the  starch  can  be  whipped  off,  leaving  the  name  as 
clear  as  though  it  had  never  been  touched. 

The  various  conventional  signs  required  by  the  characteristics  of  the 
country  mapped,  viz.,  woods,  willows,  grass,  cultivated,  cotton,  sugar- 
cane, sand,  etc.,  are  now  in  daily  use  as  above  described.  Before  print- 
ing the  chart,  stencils  are  prepared  for  the  whole  sheet.  Any  thin, 
transparent  paper  will  answer  for  this  purpose.  An  ordinary  antiquarian 
sheet,  covering  about  900  square  inches,  can  be  prepared  and  printed  in 
two  days.  The  same  work  would  employ  a  skillful  draughtsman  at  least 
a  month. 

Sand  bars,  which  are  so  tedious  when  made  by  hand,  one  dot  at  a  time, 
can  be  printed  to  perfection  with  the  exception  of  the  shading  at  the 
edge,  which  must  be  done  by  hand.  Sanding,  such  as  is  used  on  hydro- 
graphic  charts  to  show  different  depths,  can  be  done  with  an  absolute 
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certainty  that  the  tints  will  be  the  same  throughout  for  each  depth  rep- 
resented. 

For  maps  that  are  to  be  reproduced  by  photo-lithography,  it  is  best 
to  make  the  original  largo  enough  to  admit  of  reduction  to  one-half  the 
scale.  If  it  is  desired  to  publish  on  the  same  scale,  the  printing  can  lie 
chnie  with  lithographic  transfer  ink,  and  a  transfer  made  to  stone  or 
zinc,  from  which  any  number  of  copies  can  be  printed.  In  this  case 
the  outlining  should  be  done  on  suitable  transfer  paper  with  auto- 
graphic ink,  and  the  names  printed  with  transfer  ink.  Transfer  this  to 
the  stone  or  zinc,  and  from  this  take  a  faint  impression,  called  an  "off- 
set," and  on  the  latter  print  the  signs  with  lithographic  ink.  When 
this  is  done,  transfer  to  the  same  plate  that  bears  the  outlines,  and  it  is 
ready  for  the  press,  and  any  number  of  copies  can  be  struck  off. 

In  using  the  stamps  described  above,  it  is  desirable  to  work  on  paper 
with  a  smooth,  hard,  and  highly  calendered  surface,  so  that  the  impres- 
sion will  be  clear  and  sharp.  The  best  ink  is  the  finest  quality  of 
"  German  Printing  Ink." 

Plate  XXYII  is  a  small  portion  of  a  map  on  which  all  of  the  conven- 
tional signs,  letters  and  figures  were  printed  with  the  devices  described 
in  this  paper.  It  has  been  reduced  by  photography  to  half  the  scale  of 
the  original,  and  as  a  result  of  the  reproduction,  has  suffered  somewhat 
in  sharpness  of  detail,  but  it  still  gives  a  fair  idea  of  the  possibilities  of 
mechanical  mapping. 

It  will  be  readily  seen  that  any  character  desired  can  be  made  and 
used  in  the  manner  described.  Having  the  original  drawing  from  which 
to  produce  the  stamp,  the  work  of  the  best  draughtsman  can  be 
multiplied  without  limit,  and  uot  detract  very  much  from  the  quality 
or  style  of  the  original.  There  are,  of  course,  very  fine  grades  of  work, 
such  as  are  used  on  small  scale  maps,  which  can  only  be  done  by  hand. 
But  for  ordinary  work  the  results  are  entirely  satisfactory,  both  as  to 
quality  and  cost. 

Plate  XXVI  shows  the  apparatus,  which  needs  no  further  descrip- 
tion. Fig.  I  is  the  roller,  with  the  handles  in,  ready  for  use,  and  show- 
ing the  electrotype  shell  s  s,  and  the  rubber  backing  r  r.  Fig.  II  is  the 
ink-roller,  made  of  common  roller  composition. 

A  stamp  for  putting  on  letters  and  figures  is  also  shown,  it  being  a 
valuable  adjunct  to  the  device  described  above. 

Fig.  1,  Plate  XXVI,  shows  one  bearing  a  type-holder,  also  shown 
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separately  in  Fig.  4.  A  set  of  figure  disks  is  shown  at  Fig.  5.  These 
two  parts  are  interchangeable  and  can  be  used  in  the  same  stamp, 
and  are  only  separated  to  show  how  they  are  attached. 

Common  type  of  suitable  size  and  style  are  used.  For  names,  etc., 
words  are  "  set-up"  in  the  tyi^eholder  and  held  by  the  clamp-screw  d. 

The  base  of  the  frame  being  at  right  angles  to  the  line  of  the  type 
in  the  holder,  the  names  can  always  be  printed  parallel  to  the  sides  of 
the  map  by  sliding  the  frame  along  a  ruler.  With  a  little  practice  this 
can  be  done  with  sufficient  accuracy  by  inspection. 

Where  the  same  word  is  repeated  frequently  on  the  map,  the  time 
saved  is  very  considerable,  while  the  quality  of  the  work  is  good. 

For  figures,  such  as  soundings,  three  disks  are  used,  each  of  which 
bears  the  ten  digits.  They  revolve  freely  on  an  axis,  and  with  them  any 
combination  from  0  to  999  can  be  formed.  These  figures  are  also  com- 
mon type,  which  are  held  in  place  by  fitting  snugly  into  the  slots  cut  for 
them.  When  they  become  worn  they  can  easily  be  replaced  by  new 
ones.     With  this  device  soundings  are  printed  neatly  and  rapidly. 
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POWER  BRAKES  FOR  FREIGHT  TRAINS. 


By  William  P.  Shinn,  M.  Am.  Soc.  C.  E. 
Bead  at  the  Annual  Convention,  June  26th,  1885. 


In  my  paper  on  "The  Increased  Efficiency  of  Railways  for  the  Trans- 
portation of  Freight,"  read  before  the  Society  December  20th,  1882,*  I 
stated  that  among  the  improvements  wanted  was  "a  good  train  brake 
for  freight  trains,  as  nearly  automatic  as  possible  in  its  action.  Such  a 
brake,  combined  with  automatic  block  signals,  would  make  a  rear  collision 
absolutely  indefensible  and  almost  impossible. "  The  subject  of  power 
brakes  for  freight  trains  has  received  far  more  attention  from  inventors 
than  it  has  from  the  managers  of  our  railway  systems.  The  records  of 
the  Patent  Office  show  over  six  hundred  patents  for  brakes  applicable 
to  railway  engines  and  cars,  and  there  are  some  ten  or  twelve  parties 
claiming  to  have  complete  systems  of  freight-car  brakes,  while  at  this 
time  the  number  of  freight  cars  equipped  with  power  brakes  is  not  prob- 
ably in  excess  of  four  per  cent,  of  the  whole  number  of  freight  cars  in 
the  United  States.    The  Master  Car  Builders'  Association  appointed  at  its 

*  Transactions,  Vol.  XI,  November,  1882,  page  385. 
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meeting  in  1884,  a  committee  of  three  to  report  on  this  subject.  The 
committee,  at  the  meeting  held  at  Old  Point  Comfort,  in  June,  1885, 
made  the  following  report : 

Report  on  Automatic  Freight-Car  Brakes. 

To  the  Master  Car  Builders'  Association : 

In  submitting  a  formal  report  on  the  above  subject,  we  feel  some 
hesitation,  owing  to  the  importance  of  the  question  and  a  conviction  of 
the  superficialness  of  our  investigation  ;  this  conviction,  in  place  of 
diminishing  as  different  brakes  were  examined,  only  seemed  to  increase. 
A  complete  report  on  Automatic  Freight  Car  Brakes  should  be  accom- 
panied by  an  elaborate  and  thorough  series  of  comparative  trials  and 
tests,  which,  it  is  hardly  necessary  to  say,  was  quite  beyond  the  limited 
field  of  the  Committee,  nor  will  such  investigation  be  accomplished  un- 
til a  more  general  interest  is  taken  in  the  different  forms  of  brakes  by 
your  respective  companies. 

In  considering  this  subject,  your  Committee  first  proposed  confining 
their  attention  to  such  brakes  as  the  lines  represented  in  the  Association 
had  adopted  or  successfully  experimented  with,  and  with  this  intent  is- 
sued a  circular  of  inquiry  to  each  member.  From  the  replies  received 
the  question  seems  to  have  had  very  limited  attention,  and  your  Com- 
mittee were  in  some  cases  obliged  to  pursue  their  investigations  through 
sources  and  courtesies  of  companies  on  which  they  had  no  claims  what- 
ever. 

It  may  be  well  to  state  here  that  the  brakes  named  later  in  our  report 
have  not  in  any  sense  been  selected  on  account  of  specially  recognized 
merit;  they  are  mentioned  simply  because  your  Committee  have  seen 
each  on  cars  in  actual  service,  and  we  hope  by  directing  attention  to  cer- 
tain features  of  one  which  may  be  wanting  in  the  other,  to  aid  our 
members  in  determining  what  points  are  necessary  for  the  success  of  an 
automatic  freight-car  brake.  The  types  of  automatic  brakes  that  are 
being  brought  to  the  notice  of  railroad  companies  for  freight-car  equip- 
ment may  be  classified  under  four  general  headings:  1.  Buffer  brakes; 
2.  Friction  brakes;  3.  Air  brakes;  and  4.  Electric  brakes. 

1.  Buffer  Brakes. — Of  these  there  are  many  patented,  though  few  as 
yet  in  actual  service.  Three  only  were  drawn  to  our  attention  in  time 
for  investigation,  i.  e.,  the  American  brake,  the  Rote  brake  and  the 
Prescott  brake.  Briefly  described,  the  buffer  brake  consists  of  a  con- 
nection with  the  brake  levers,  which  engages  or  disengages  from  the 
back  of  the  draw-bar;  this  connection  is  controlled  in  some  cases  by  a 
governor  secured  to  the  axle,  in  others  by  hand  adjustment.  Any  one 
draw-bar  being  compressed  transmits  the  compression,  and  consequently 
applies  the  brakes  throughout  the  entire  train,  regardless  of  whether 
they  are  continuously  connected  or  not.  The  application  is,  of  course, 
in  accordance  with  the  amount  of  resistance  offered.  Of  this  type  we 
find  the  American  the  most  largely  introduced.  Up  to  May  20th,  they 
had  equipped  2  815  cars. 

The  brake  is  controlled  by  a  governor  revolving  with  the  axle;  at  low 
speed  it  is  out  of  action,  allowing  the  cars  to  be  switched  about  a  yard 
or  pushed  out  of  it  in  case  of  an  up  gi-ade,  without  any  interference  of 
the  brake.  At  speed  it  operated  equally  well  whether  moving  forward 
or  backward,  and  without  any  readjustment.     The  cost  of  the  brake  is 
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The  Rote  is  also  controlled  by  a  governor  attachment  to  the  axle,  but 
differing  from  the  American  in  construction  and  action.  Both  are  ready 
for  application  after  from  two  to  four  miles  of  speed  is  reached,  the 
Rote,  however,  only  in  pulling;  it  is  inoperative  in  backing.  Again, 
the  former  throws  off  automatically  when  the  train  comes  to  rest,  while 
the  latter  remains  applied  until  the  compression  of  the  drawr-bars  is  re- 
moved by  taking  up  the  slack,  an  advantage  for  the  Rote  in  running 
past  a  specific  stop,  such  as  a  coal  or  water  station,  or  in  case  of  acci- 
dentally running  an  engine  and  car  of  a  train  off  a  stub  switch,  but  a 
disadvantage  if  stopping  on  a  downward  grade.  Ten  cars  of  the  New 
York,  Pennsylvania  and  Ohio  have  been  equipped  with  this  brake  for 
several  months.  Last  December,  we  have  been  informed,  a  contract 
was  made  with  the  New  York,  New  Haven  and  Hartford  Company  for 
the  equipment  of  all  its  freight  cai's;  none,  however,  have  as  yet  been 
applied.  The  cost  of  the  Rote  brake,  as  mentioned  in  one  of  the  com- 
pany's circulars  issued  in  December,  1884,  is  $31  per  car.  We  are  under 
the  impression  this  includes  application,  which  is  not  the  case  in  the 
other  figures  we  have  given. 

The  Prescott  brake  has  been  in  use  some  nine  months  on  a  train  of 
cars  of  the  Central  Vermont  Railroad;  it  is  also  in  use  on  ten  cars  of  the 
Delaware  and  Hudson  Canal  Company.  It  is  rendered  operative  or  in- 
operative by  hand  adjustment.  It  is  only  operative  when  pulling.  In 
backing  the  brake  has  to  be  rendered  inoperative,  an  obvious  disadvan- 
tage.    The  cost  is  $8  per  car. 

2.  Friction  Brakes. — Under  the  second  classification  there  are  also 
numerous  devices.  Your  Committee  have  investigated  the  Widdifield 
and  Button  only.  It  is  in  use  experimentally  on  twelve  cars  of  the 
Lehigh  Valley  Road.  The  compression  of  the  draw-bar  here  acts  by  a 
system  of  levers  on  a  pair  of  friction  pulleys.  One  of  these  pulleys  is  of 
fiber  and  soft  metal,  and  is  cast  on  the  axle;  the  other  is  of  cast-iron, 
aud  is  mounted  on  a  transverse  spindle,  so  arranged  that  the  faces  of  the 
pulleys  are  brought  in  contact,  producing,  as  before  stated,  an  amount 
of  retardation  corresponding  to  the  compression.  The  brake  acts  only 
in  the  direction  in  which  the  handle  of  the  lever  is  thrown.  When  a 
train  is  to  move  forward,  care  must  be  taken  that  all  the  handles  are 
pointing  forward,  and  compression  of  the  draw-bars  will  then  apply  the 
brakes;  but  they  are  inoperative  in  backing  up.  Should  it  be  desirable 
to  have  the  brakes  operative  in  case  of  a  long  back  up,  it  can  be  arranged 
by  reversing  this  lever  on  each  car.  When  the  brakes  are  applied  and 
the  train  is  brought  to  a  stop,  they  remain  applied  until  the  slack  is 
taken  up,  as  with  the  American;  the  Prescott,  however,  has  this  addi- 
tional feature  :  In  the  above  case  the  brakes  may  also  be  thrown  oft'  by 
putting  the  handle  in  a  midway  position  ;  this  cuts  the  brake  out, 
whether  applied  or  not  applied.  This  cutting-out  feature  is  important, 
as  it  allows  the  use  of  pushes  up  grades  ;  temporarily,  of  course,  doing 
away  with  the  brake  on  the  cars  pushed,  and  necessitating  a  readjust- 
ment when  the  summit  is  reached.  This  brake  may  be  seen  by  members 
of  the  Convention  under  the  sample  60  000-pound  box  car  (No.  7  599) 
of  the  Lehigh  Valley.     The  cost  of  the  brake  is  $10  per  car. 

3.  Air  Brakes. — Our  next  classification  is  the  air  brake,  representing 
which  we  have  taken  the  Westiughouse  automatic.  It  is  by  far  the  most 
expensive  brake,  costing  $50  per  car,  exclusive  of  fitting  up;  in  addition 
to  which  it  is  necessary  the  engine  be  fitted  with  an  air-pump,  which, 
for  each  engine  and  tender,  entails  an  additional  outlay  of  $360.  The 
brake,  however,  is  very  effective,  and  the  only  one  your  Committee  con- 
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siders  comes  properly  under  the  heading  of  automatic.  Once  coupled 
up  it  is  ready  for  use,  going  in  either  direction,  whether  pushed,  or 
pulled,  at  low  speed  or  high  speed,  and  may  be  applied  by  the  conductor, 
from  the  last  car  connected,  to  every  car,  including  the  engine,  as  well  as 
by  the  engineer.  The  brakes  do  not  act  independently,  as  is  the  case 
Avith  compression  brakes,  but  they  have  to  be  connected  continuously 
from  the  engine.  Even  with  compression  brakes,  however,  it  should  be 
borne  in  mind  that  with  partially  equipped  trains,  the  most  effective  re- 
sults are  obtained  when  the  cars  are  placed  in  the  forward  part  of  the 
train,  as  it  is  there  they  get  the  greatest  compression.  Notwithstanding 
the  cost  of  the  Westinghouse,  we  find  it  the  most  largely  introduced. 
Up  to  May  18th,  orders  have  been  filled  for  24  243  sets  of  automatic 
brakes.  In  addition  to  which,  6  806  sets  of  the  Westinghouse  non- 
automatic  brakes  are  in  use  on  the  freight  cars  of  five  different  lines. 

4.  Electric  Brakes. — Your  Committee  have  had  no  opportunity  of  in- 
vestigating. 

General  Kemarks. — In  reviewing  the  foregoing,  and  without  entering 
more  fully  into  explanatory  details,  the  main  question  to  be  considered 
by  members  of  this  association  and  managers  of  railroads  seems  to  be  a 
choice  of  two  types  of  brakes — the  automatic  air  brakes  or  the  cheaper 
compression  brakes.  It  will  be  said  by  some,  this  question  of  brakes  is 
not  a  new  one  ;  it  is  new,  it  is  true,  for  freight  service,  but  we  have  had 
an  ample  experience  with  various  types  of  brakes  in  passenger  service 
for  years  past,  from  the  hand  brake  upward,  resulting  in  the  air  brake 
being  recognized  and  adopted  by  almost  every  railroad  management  in 
the  country.  If  compression  brakes  are  equal  to  or  better  than  air 
brakes,  why  don't  their  advocates  undertake  to  fit  up  our  passenger 
equipment  with  them  ?  A  very  natural  reply  is  that  the  passenger 
equipment  of  railroad  companies  has  had  the  expensive  air  brakes  ap- 
plied, and  inasmuch  as  it  does  its  work  efficiently,  it  would  be  very  diffi- 
cult to  have  its  place  taken  by  any  other  types  of  brakes,  even  though 
superior  in  many  features.  The  compression-brake  advocates  therefore 
recognize  they  will  meet  with  more  success  by  giving  their  attention  to 
a  field  not  yet  so  fully  covered.  This  is  a  plausible,  but,  nevertheless, 
not  a  true  answer  to  the  question.  The  reason  compression  brakes  are 
not  applied  to  passenger  equipment  is  because  they  do  not  fulfill  the  re- 
quirements of  the  service  as  well  as  air  brakes.  They  are  not  automatic 
in  every  respect,  as  the  air  brake  is  ;  a  conductor  or  brakeman  on  any 
part  of  the  train  cannot  at  a  moment's  notice  apply  the  brakes  on  every 
car  and  engine  ;  in  ease  the  train  parts  while  running,  the  brakes  are 
not  instantaneously  applied  on  every  wheel  of  both  sections  of  the  train. 
These,  together  with  other  features,  might  be  cited  as  making  the  ail- 
brake  indispensable  for  passenger  service. 

Are  not  then  the  same  points  desirable  for  the  success  of  an  auto- 
matic freight-car  brake  ?  Your  Committee  think  they  are  beyond  any 
doubt  desirable,  but  how  to  accomplish  it  is  not  so  clear.  In  the  United 
States  and  Canada  there  are  some  eight  hundred  thousand  freight  cars. 
To  equip  these  with  air  brakes  at  $50  a  car  would  cost  $40,000,000  ;  the 
same  number  of  cars  at  $10  would  cost  $8,000,000.  Compression  brakes 
are  unquestionably  in  advance  of  hand  brakes,  and  with  many  lines 
might  be  available  at  $20  to  $30  a  car,  but  could  not  be  considered  at 
$50  and  $60.  Your  Committee,  therefore,  recommend  that  in  place  of 
adopting  any  specific  type  of  brake  or  brakes  at  this  Convention,  the 
subject  be  continued  for  further  investigation;  that  the  new  committee 
be  instructed  to  endeavor  to  have  made   a  series  of  comparative  tests 
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with  trains  wholly  and  partially  equipped  with  such  hrakes  as  may  be  in 
actual  service,  and  that  the  members  urge  their  managers  not  to  con- 
fine their  experiments  to  any  one  brake,  so  that  their  representatives 
may  come  to  the  Convention  ready  to  say  what  brake  they  are  prepared 
to  advocate,  and  fortified  with  their  own  experience  for  and  against  the 
less  favored  devices. 

B.  Welch,  ) 

George  Hackney,  >-  Committee. 

Godfrey  W.  Ehodes,     ) 

The  discussion  of  the  report  by  the  members  of  the  Master  Car 
Builders'  Convention,  brought  out  the  following  statements  from  mem- 
bers present.     One  member  said  : 

"  If  a  good  automatic  freight-car  brake  were  adopted,  I  am  con- 
vinced that  trains  could  be  run  much  faster  and  safer,  and  that  the  re- 
pairs to  cars  would  be  decreased.  If  the  means  of  running  freight 
trains  safely  at  twenty-five  or  thirty  miles  an  hour  were  provided,  the 
capacity  of  many  roads  would  be  doubled,  and  every  man  in  the  country 
is  interested  in  bringing  about  a  result  of  that  kind." 

In  answer  to  the  question  whether  the  speed  of  trains  could  be  ac- 
celerated by  the  use  of  an  automatic  freight  brake,  another  member 
replied: 

"  It  was  with  that  object  in  view  that  we  have  adopted  automatic 
brakes  for  part  of  our  freight-car  equipment.  Experience  with  the  use 
of  the  brakes  has  shown  us  that  trains  can  be  run  much  faster  with  per- 
fect safety.  An  engineer  told  me  that  with  seven  cars  having  automatic 
brakes  in  the  front  end  of  a  train,  he  could  get  over  the  road  with  safety 
and  make  much  better  time  than  when  he  had  to  depend  upon  brakemen." 

The  automatic  brake  referred  to  by  this  member  was  the  Westing- 
house.  Another  member  mentioned  a  case  where  an  engineer  failed  to 
stop  a  train  in  the  distance  calculated  and  had  an  accident.  The  cause 
of  the  mistake  was  that  the  capacity  of  the  cars  had  been  materially  in- 
creased without  a  corresponding  increase  of  brake  power.  Another 
member  stated  that  he 

"  Found  that  wheels  of  cars  near  the  hind  end  of  a  train  often  broke 
going  down  a  long  hill.  The  cause  of  this  was  that  brakemen  went  out 
from  the  caboose  and  put  on  a  few  brakes  behind,  leaving  them  to  do 
all  the  work,  and  so  the  wheels  got  hot  and  broke  about  the  time  the 
bottom  of  the  grade  was  reached.  An  automatic  brake  would  prevent 
this  trouble  by  distributing  the  work  over  more  wheels." 

I  have  quoted  the  report  of  the  Master  Car  Builders'  Committee  at 
length,  with  the  discussion  thereon,  because  it  is  the  first  instance  that 
has  come  to  my  knowledge  in  which  any  systematic  and  combined  ef- 
fort has  been  made  by  railway  officials  to  ascertain  the  value  to'  their 
service  of  "  power  brakes. "  The  term  "  automatic  "  is  greatly  misused 
in  this  report,  as  will  be  referred  to  hereafter. 
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The  question  of  the  necessity  or  desirability  of  power  brakes  is  one 
that  can  very  readily  be  determined. 

By  reference  to  the  records  of  the  road  with  which  the  writer  was 

formerly  officially  connected,  he  finds  that  the  weight  of  freight  trains 

was  in  1865 — 

On  Eastern  Division. 

Engine 81  700  lbs. 

Twelve  loaded  cars  and  caboose 520  000    " 

Total 601  700     "    or 

300  tons  1  700  lbs. 

On  Western  Division. 

Engine 81  700  lbs. 

Sixteen  loaded  cars  and  caboose 688  000    " 

Total 769  700    "    or 

384  tons  1  700  lbs. 

The  standard  freight  train  on  the  same  road  in  1885  is  reported  to 

me  as  follows  : 

On  Eastern  Division. 

Engine 149  350  lbs. 

Twenty-seven  loaded  cars  and  caboose 1  635  000     " 

Total 1  784  350     "  or 

892  tons  350  lbs. 

On  Western  Division. 

Engine 127  450  lbs. 

Twenty-nine  loaded  freight  cars  and  caboose 1  755  000     " 

Total 1882  450     "or 

941  tons  450  lbs. 

Thus  it  will  appear  that  the  trains  of  1885  bear  in  weight  to  the 
trains  of  1865,  the  following  proportions  : 

On  Eastern  Division 2.97  to  1. 

On  Western  Division 2.45  to  1. 

The  following  statement  shows  comparatively  the  weight  of  standard 
freight  trains  on  the  Pennsylvania  Eailroad  in  1865  and  1885,  as 
furnished  by  the  officers  of  that  company. 
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In  addition  to  the  increase  in  weight,  there  has  resulted  from  the  im- 
provement in  the  condition  of  the  track  and  machinery,  a  somewhat 
corresponding  increase  in  speed,  and  where  the  maximum  speed  was 
formerly  15  miles  per  hour  it  is  now  20  to  25  miles  per  hour.  If  we  take 
the  increase  of  speed  from  15  to  20  miles  per  hour  as  a  basis,  it  will  rep- 
resent an  increase  in  momentum  of  78  per  cent.,  which,  being  applied 
to  an  increase  of  weight  of  2.97  times,  would  indicate  an  increase  in 
momentum  in  the  proportion  of  5.29  to  1,  so  that  it  is  safe  to  assume 
that  the  momentum  of  the  average  through  freight  train  on  the  main 
lines  of  railways  is  from  four  to  five  times  that  of  twenty  years  ago.  To 
meet  this  increase  in  momentum,  a  few  railway  companies  have  adopted 
the  driver  brake,  but  they  are  few.  In  most  cases  nothing  more  has 
been  done  than  to  increase  the  number  of  brakemen  from  two  to  three, 
and  in  a  great  majority  of  cases  it  is  probable  that  even  that  increase  in 
the  braking  force  has  not  been  provided.  When  we  consider  the  enor- 
mous momentum  of  trains  weighing  from  1  000  to  2  500  tons  running  at 
a  speed  of  twenty-five  miles  an  hour  down  descending  grades  of  fifty 
feet  per  mile,  it  should  require  no  argument  to  demonstrate  the  expedi- 
ency—not to  say  necessity  of  power  brakes  for  freight  trains. 

Before  commencing  my  experiments  with  power  brakes,  with  a  view 
of  obtaining  some  information  in  regard  to  both  the  experience  with 
power  brakes,  and  the  opinions  of  railway  managers  with  regard  to  then- 
necessity  or  desirability,  I  addressed  a  circular  letter  to  the  companies, 
by  a  blank  to  the  executive  officers  of  about  one  hundred  and  fifty  rail- 
ways. I  received  replies  from  forty-nine  of  them,  of  which  the  follow- 
ing quotations  give  the  principal  facts  and  opinions  set  forth. 

The  Hannibal  and  St.  Joseph  Railroad  General  Manager  says  : 

"  Think  all  engines  and  cars  should  be  equipped  with  friction 
(power)  brakes."  He  gives  a  case  where  the  airbrakes  averted  a  col- 
lision on  his  road,  the  trains  being  fifty  feet  apart  when  stopped. 

The  New  York,  Pennsylvania  and  Ohio  Railroad  General  Superin- 
tendent, Charles  Paine,  M.  Am.  Soc.  C.  E.,  in  answer  to  the  request  for 
his  opinion  as  to  their  use,  in  view  of  the  greatly  increased  weight  of  en- 
gines, cars  and  trains,  says  : 

"  I  have  no  opinion  based  upon  experience  here,  but  a  firm  convic- 
tion that  they  are  very  desirable.  With  power  brakes  the  men  can  be 
removed  from  the  top  of  the  train,  and,  in  consequence,  overhead  cross- 
ings be  cheaply  constructed  wherever  desirable.  I  judge  that  freight 
trains  with  power  brakes  could  be  run  twice  as  fast  as  without,  with 
equal  and  perhaps  greater  safety." 
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The  Chesapeake  and  Ohio  Railroad  General  Manager  C.  W.  Smith 


"  In  my  opinion  railroading  will  never  approximate  the  perfection 
line  until  there  is  some  means  perfected  by  which  a  train  of  freight 
cars  can  be  controlled  by  power  derived  from  some  other  source  besides 
the  application  of  the  hand  brakes.  Heavier  and  more  powerful  en- 
gines are  being  introduced  ;  cars  have  jumped  from  twelve  to  twenty 
tons  capacity  in  the  past  three  or  four  years,  and  are  still  on  the  in- 
crease— some  roads,  as  well  as  this  company,  having  built  cars  of  50  000 
lbs.  capacity  and  in  a  few  instances  have  reached  60  000  lbs.  capacity — 
and  no  very  great  change  has  yet  been  made  in  the  manner  of  checking 
the  momentum  of  the  trains.  Take  a  train  of  fifty  cars  and  a  consolida- 
tion engine,  of  weight  as  follows  : 

Engine 53  tons. 

Tender   (loaded) 30     " 

Light  weight  of  cars 550     " 

Weight  of  contents 1  000     " 

We  have 1  633  tons. 

probably  running  twenty  miles  per  hour,  in  charge  of  not  over  three 
brakemen  and  a  conductor  ;  in  case  of  a  sudden  stop  being  necessary,  it 
would  not  be  possible  for  these  men  to  put  on  more  than  two  brakes 
each,  if  they  were  out  on  the  train  in  place  when  the  signal  would  be 
given  to  stop.  With  a  power  brake,  under  charge  of  the  engineer,  the 
safety  of  the  rolling  stock  would  be  greatly  increased  and  freight 
handled  with  greater  dispatch.  A  power  brake  should  be  so  constructed, 
that  in  case  a  train  parts  the  detached  cars  will  not  run  together  ;  there 
is  more  damage  done  to  property  from  this  cause  than  from  almost  any 
other.  The  parting  of  the  train  while  running  should  apply  the  brakes 
on  all  the  cars  ;  in  other  words,  any  brake  adapted  to  freight  cars,  to  ac- 
complish the  end  desired,  should  be  automatic  in  its  action." 

I  would  here  remark  that,  in  my  opinion,  Mr.  Smith  over-estimates 
the  importance  of  having  a  brake  that  will  be  applied  automatically  in 
case  of  a  train  parting,  as  will  be  further  set  forth  in  this  paper. 

The  Wisconsin  Central  Railroad  General  Manager  says  : 

"  I  am  very  glad  you  have  taken  this  matter  up,  and  trust  that  you 
will  bring  out  of  it  some  arguments  that  will  demonstrate  the  advisabil- 
ity of  using  power  brakes  on  freight  trains,  and,  beside  the  demonstra- 
tion, influence  the  railroads  to  adopt  something  of  that  kind.  We  have 
the  steam  brake  on  two  of  our  switching  engines  and  they  are  doing 
good  service." 

The  South  Carolina  Railway  General  Manager  says  : 

"  Any  system  of  power  brakes  as  well  fitted  for  use  on  freight  trains 
as  the  Westinghouse  automatic  is  for  passenger  trains,  would  prove  of 
great  advantage  to  railway  companies,  both  in  additional  safety  and  de- 
creased expenses.  But,  in  order  to  be  put  in  general  use,  the  freight- 
train  brake  must  be  made  so  as  to  act  oo  each  car  independently  of 
brake  connection,  either  with  the  engine  or  with  front  cars  in  the  train, 
else  the  expenditure  required  to  put  power  brakes  on  all  freight  cars 
would  prevent  most  railway  companies  from  adopting  them." 
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The  Arkansas  Valley  Railroad  General  Manager  says  : 

"  Could  we  afford  it,  would  put  power  brakes  on  all  our  locomotives. 
Have  no  doubt  as  to  the  advantages  connected  with  their  use." 

The  Columbus,  Hocking  Valley  and  Toledo  Railroad  General  Super- 
intendent says  : 

"  The  hand  brakes,  where  the  equipment  is  heavy,  can  be  made  cor- 
respondingly efficient.  The  weight  of  engines  and  cars,  in  my  opinion, 
does  not  affect  the  question  of  the  economy  of  or  necessity  for  the  use  of 
a  power  brake." 

This  officer  does  not  appear  to  recognize  the  fact  that  the  effect  of 
hand  brakes  is  not  limited  by  their  strength  or  weight,  but  by  the  power 
of  the  man  who  applies  them,  and  while  the  leverage  by  which  the 
power  is  transmitted  from  the  man  to  the  brakes  may  be  increased,  it 
will  be  at  the  cost  of  making  the  application  of  the  brakes  slower  and 
therefore  requiring  more  time,  whereby  the  brakeman  will  not  be  able 
to  apply  as  many  brakes.  It  should  here  be  noted  that  the  application 
of  brakes  to  both  trucks  of  a  freight  car,  when  applied  by  hand  from 
one  end  of  the  car,  does  not  increase  the  retarding  power,  as  the  press- 
ure that  has  heretofore  been  exerted  upon  four  wheels  is  thereby  merely 
distributed  upon  eight,  the  only  good  effect  being  to  enable  that  power 
to  be  used  with  less  danger  of  sliding  the  wheels. 

The  New  Haven    and  Northampton   Railroad   has   8  road    and   4 

switching  engines  and  100  freight  cars  equipped  with  power  brakes. 

The  General  Superintendent  says  : 

"  The  advantage  of  power  brakes  for  freight  engines  is  principally 
the  saving  of  time  in  doing  work;  where  there  is  switching  it  adds  mate- 
rially to  the  result,  and,  with  trains  en  route,  the  tedious  '  dragging'  at 
stations  and  water  plugs  is  diminished.  The  heavier  the  mass  to  be 
stopped  the  more  adequate  provision  of  brake  should  be  sujjplied.  If 
it  can  be  done  practically  and  satisfactorily  by  power,  it  is  an  economy 
over  increasing  hand  labor.  Our  steam  and  air  brakes  are  apparent 
successes.  Much  may  be  said  of  car  brakes  applied  by  concussion,  or 
their  own  inertia,  which  may  serve  as  a  stepping-stone  to  something 
better,  the  efficiency  of  which  will  be  more  positive." 

The  Chicago,  St.  Paul,  Minneapolis  and   Omaha  Railroad  General 

Superintendent  says: 

"  It  has  been  a  noticeable  fact  on  this  road  that  engines  equipped 
with  air  brakes  (especially  driver- brakes),  seldom  meet  with  rear  col- 
lisions, and  many  rear  collisions,  in  our  experience,  would  have  been 
averted  if  the  engineer  had  had  at  his  service  so  powerful  an  aid  as  a 
driver-brake." 

The  Georgia  Railroad  has  40  out  of  44  freight  engines  equipped  with 
power  brakes.     The  General  Manager  says: 

"The  advantages  found  are  a  very  largely   increased  brake  power 
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placed  where  it  will  do  the  most  good,  *'.  e.,  on  the  engine  and  in  the 
hands  of  the  engineer;  also  reduced  train  expenses,  requiring  fewer 
brakemen.  We  think  we  enjoy  great  immunity  from  rear  collisions. 
Running  our  trains  in  sections  on  a  single  track  road,  we  handle  heavier 
trains  with  greater  safety  than  we  could  possibly  do  without  power 
brakes  on  drivers  and  tenders  of  engines."  He  gives  an  instance  where 
the  life  of  a  child  was  saved  by  the  use  of  the  engine  brake. 

The  Georges  Creek  and  Cumberland  Railroad  has  6  freight  engines, 
all  equipped  with  steam  brakes.     The  Manager  says : 

"Power  brakes  on  our  freight  engines  found  necessary  by  exceeding 
heaviness  of  coal  trains  on  descending  gradient  of  160  feet  to  the  mile, 
10  miles  long.  Trains  weighing — cars  and  loads — about  1  200  tons. 
Speed,  11  miles  per  hour.  Have  found  engine  brake  of  very  great 
assistance  in  controlling  trains,  and  would  not  be  without  them  for  ten 
times  their  cost.  Increased  weight  of  engines  and  cars  most  certainly 
call  for  increased  brake  power,  and  for  our  service,  at  least,  brake  power 
should  be  applied  to  every  wheel  in  the  train.  Latest  practice  of  heavy 
engines  and  cars  of  large  capacity  call  for  the  same,  in  my  opinion. 
Have  frequent  recourse  to  the  driver-brake  in  controlling  trains  which 
become  somewhat  unmanageable  by  reason  of  slippery  rails  and  extraordi- 
nary deficiencies  in  car  brakes  in  train.  Had  one  very  serious  runaway 
on  road  before  application  of  the  driver-brake,  which  destroyed  55  coal 
cars,  broke  up  2  engines,  killed  3  men  and  seriously  injured  5  others,  all 
of  which  would,  in  my  opinion,  have  been  averted  by  use  of  the 
driver-brake.  Since  application  of  latter  we  have  never  had  a  train  at 
any  time  out  of  perfect  control,  and  but  for  them  I  have  no  doubt  we 
would  have  occasional  accidents  and  severe  damages.  The  driver-brake 
with  lis  supplies  apparently  just  the  occasional  deficiencies  of  the  ordi- 
dary  hand-power  brakes  of  cars  of  our  own  and  other  companies  which 
are  handled  upon  our  road.  There  is,  in  my  opinion,  a  strong  demand 
for  power  brakes  on  freight  cars,  which  will  render  operations  both  on 
gradients  and  levels  safer,  more  economical  and  more  expeditious.  The 
demand,  however,  is  for  a  very  simple  construction,  w7hich  does  not  re- 
quire a  high  degree  of  intelligence  to  look  after  it  and  keep  it  up." 

The  Baltimore  and  Ohio  Railroad  has  326  freight  engines  out  of 
508  equipped  with  power  brakes.     The  General  Manager  says : 

"  We  have  found  the  power  brake  of  advantage  in  descending  heavy 
grades.  A  good  automatic  power  brake  will  be  of  great  advantage  on 
freight  cars.  It  will  be  much  more  efficient  than  the  hand  brakes  now 
in  use." 

The  Cleveland,  Columbus,  Cincinnati  and  Indianapolis  Railroad  has 
66  out  of  183  engines  equipped  with  power  brakes.  The  General  Man- 
ager says: 

"  The  air  brakes  referred  to  are  mostly  on  heavy  Mogul  engines.  In 
service  on  the  road  in  handling  trains,  we  have  found  the  brake  to  be  very 
efficient,  and  in  case  of  emergency  to  be  better  than  any  two  brakemen 
that  can  be  gotten  on  top  of  a  freight  train.  In  the  handling  of  local 
trains  while  switching  at  stations,  we  find  the  brake  indispensable.  If 
we  had  the  means  we  would  equip  every  freight  engine  on  our  road  with 
air  brakes  and  every  freight  car  as  well.  There  can  be  no  question  of 
the  economy  and  advisability  of  such  adoption,  especially  in  view  of  the 
demand  for  increased  speed  in  moving  freight  trains." 
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The  Central  Vermont  Railroad  has  19  cars  equipped  with  an  auto- 
matic brake.  The  General  Superintendent  gives  two  instances  in  which 
the  brakes  on  this  limited  number  of  cars  saved  serious  accidents.  In 
one,  a  collision  with  a  train  ahead  was  averted  by  having  7  cars  with 
automatic  brakes  in  the  rear  train.  In  the  other,  a  collision  with  a  train 
on  siding,  the  switch  being  open,  was  prevented  by  having  10  cars  with 
the  automatic  brake  in  the  moving  train. 

The  Pittsburgh  and  Lake  Erie  Railroad  has  34  out  of  36  engines 

equipped  with  the  driver-brake.     The  General  Manager  says: 

"We  find  a  saving  of  one  brakeman  to  each  train  and  a  decided 
saving  of  time  in  switching.  I  consider  a  power  brake  almost  indispen- 
sable with  the  large  freight  engines  and  heavy  trains  we  are  handling. 
There  have  been  numerous  occasions  when  there  would  have  been  seri- 
ous accidents  and  loss  of  property  had  we  not  had  in  use  a  power  brake." 

The  Pittsburgh,  Cincinnati  and  St.  Louis  Railroad  has  133  out  of 

311  freight  engines  equipped  with  driver-brakes.     The  Manager  says: 

"The  advantages  of  having  the  brake  on  freight  engines  are  in  the 
increased  speed  and  equal  safety  with  which  long  trains  can  be 
handled." 

This  road  is  noticeable  as  having  been  the  one  upon  which  the  earliest 
experiments  were  made  which  resulted  in  the  original  Westinghouse  air 
brake. 

It  is  a  cause  of  regret  that  but  one-third  the  railway  officers  addressed 
by  my  circular  took  enough  interest  in  the  subject  to  send  me  a  reply; 
but,  on  the  other  hand,  the  replies  received,  as  are  shown  by  the  quota- 
tions above  given,  were  decidedly  encouraging.  It  will  be  specially 
noticeable  that  the  experience  of  every  company  having  the  power 
brakes  in  use  has  been  decidedly  favorable  to  their  general  adoption, 
and  good  reasons  are  given  why  even  a  poor  railroad  company  can  afford 
to  adopt  a  power  brake.  If  the  use  of  a  driver-brake  on  the  engine 
will  "save  a  brakeman  on  each  train,"  as  the  General  Manager  of  the 
Pittsburgh  and  Lake  Erie  Railroad  states;  and  if  in  case  of  accident 
"it  is  better  than  any  two  men  that  can  be  gotten  on  top  of  a  freight 
train,"  as  the  General  Manager  of  the  Cleveland,  Columbus,  Cincinnati 
and  Indianapolis  Railroad  states,  there  is  ample  reason  for  urging  their 
adoption  as  a  measure  of  the  strictest  economy. 

Power  brakes  may  be  divided  into  two  general  classes,  designated  as 
"  Continuous"  and  "  Detached."  Continuous  brakes  are  such  as  re- 
quire connection  of  some  character  from  the  engine  to  each  car  in  the 
train  containing  the  brake,  which  connection  may  be  by  a  tube  or  pipe' 
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as  in  the  case  of  the  air  brake  ;  by  wire,  as  in  the  case  of  the  electrical 
brake  ;  or  by  a  cord  or  other  equivalent  device.  Detached  brakes  are 
such  as  are  complete  upon  each  car,  requiring  no  connection  with  the 
engine  or  from  car  to  car.  There  are  also  brakes  which  partake  of  two 
or  more  of  these  characteristics,  in  which  the  brake  apparatus  is  de- 
tached, so  far  as  each  car  is  concerned,  but  some  portion  of  the  appara- 
tus is  connected  from  car  to  car,  and  with  the  engine  by  a  cord  or  rope 
for  the  purpose  of  setting  or  disengaging  the  brakes.  These  general 
classes  may  be  again  divided  into  sub-classes,  of  which  the  more  im- 
portant are 

Continuous  Brakes. 

Air  brakes. 
Vacuum  brakes. 
Electrical  brakes. 

Detached  Brakes. 

Compression  or  buffer  brakes. 

Friction  brakes. 

Buffer  and  friction  combined. 

As  before  stated,  there  are  upwards  of  600  patents  on  power  brakes 
applicable  to  railway  engines  and  cars,  and  numerous  additions  are 
being  made  to  the  list  every  year.  There  are  several  parties  claim- 
ing to  have  complete  systems  of  power  brakes  applicable  to  the  freight 
service,  but  most  of  them  have  never  received  any  application  be- 
yond an  experimental  car,  and  in  some  cases  the  experiment  has  only 
been  applied  in  the  form  of  a  model  of  a  freight  car.  Finding  it 
necessary,  for  the  purpose  of  this  investigation,  to  limit  it  to  such 
brakes  as  had  been  or  could  be  thoroughly  tried,  I  decided  to  confine 
this  paper  to  the  consideration  of  such  of  the  power  brakes  as  had  been 
put  in  practical  use  in  a  business  way  by  railroad  companies.  To  avoid 
possible  misconstruction,  those  brakes  which  have  not  been  investigated, 
in  consequence  of  the  limit  thus  decided  upon,  will  not  be  mentioned 
even  by  name  in  this  paper,  and  what  is  herein  stated  is  without  pre- 
judice to  them  other  than  such  opinion  as  may  be  formed  in  consequence 
of  the  fact  that  they  have  failed  of  adoption  by  railroad  companies. 
This  class  of  devices  is  particularly  open  to  objections  which  can  only 
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be  developed  in  practical  operation,  and  there  are  many  of  them  which 
work  satisfactorily  in  the  model,  and  even  appear  to  perform  what  is 
required  of  them  when  experimented  with  upon  a  single  car,  but  which, 
in  practice,  will  not  meet  the  varied  conditions  and  exigencies  of  actual 
freight  traffic.  In  many  cases  a  brake  which  will  perform  thoroughly 
what  it  is  intended  to  do  in  stopping  trains,  fails  utterly,  because  it 
will  not  meet  the  requirements  in  those  things  which  it  should  not 
do.  The  application  of  this  rule  of  actual  service  results  in  this  paper 
being  limited  to  the  consideration  of  two  brakes,  viz. : 

The  Westinghouse  Automatic  (air)  Brake. 

The  American  Automatic  Brake. 
The  companies  owning  these  brakes  have  furnished  me  with  state- 
ments, showing  lists  of  railways  in  the  United  States  using  their  brakes 
on  freight  cars,  the  number  herein  given  being  that  of  the  cars  furnished 
with  their  brakes  up  to  July  1st,  1885.     Their  lists  show  the  following  : 

Westinghouse  Automatic. 

Central  Pacific  Railroad 10  000 

Union  Pacific  Railroad 3  620 

Atchison,  Topeka  and  Santa  Fe  Railroad 7  620 

Galveston,  Harrisburg  and  San  Antonio 2  000 

Northern  Pacific  Railroad 991 

Pennsylvania  Railroad 231 

Other  railroads  in  the  United  States 524 

Total 24  986 

Westinghouse  Non-Automatic. 

Denver  and  Rio  Grande  Railroad 2  466 

Denver  and  Rio  Grande  Extension 3  150 

Other  railroads  in  the  United  States 194 

Total 5  810 

Total  Westinghouse  freight  brakes  in  the  United  States,  30  796. 
The  Westinghouse  Company  report  in  addition  551  automatic  and  996 
non-automatic  freight  brakes  in  use  in  foreign  countries,  and  10  111  sets 
additional  of  automatic  brakes  ordered  but  not  yet  furnished. 
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The  company  also  furnishes  a  statement  showing  the  number  of  its 
brakes  applied  to  passenger  engines  as  follows  : 

Automatic 8  238 

Plain  Air  (non-automatic) 3  108 

Total 11346 

It  is  probable  that  a  small  number  of  these  engines  are  freight  and 
switch  engines,  but  the  company  does  not  so  state. 

The  American  Brake  Company  furnishes  me  with  a  statement  of  the 
names  of  the  railroad  companies,  and  the  number  furnished  to  each,  of 
its  steam-driver  and  tender  brakes.  The  number  of  companies  aggre- 
gates 112  having  the  American  steam-driver  and  tender  brake  on  1  002 
engines.  These  are  presumably  all  freight  and  switching  engines.  The 
company  also  furnishes  a  statement  of  its  automatic  freight-car  brakes 
in  use  as  follows  : 

St.  Louis  and  San  Francisco  Railroad 2  000 

Wabash,  St.  Louis  and  Pacific  Railroad 650 

Other  roads  in  the  United  States 165 

Total 2  815 

and  states  that  the  brakes  on  the  St.  Louis  and  San  Francisco  road  have 
been  in  use  on  about  1  000  cars  for  three  years,  and  on  the  other  1  000 
cars  for  between  one  and  two  years. 

The  members  of  the  Society  are  undoubtedly  so  familiar  with  the 
Westinghouse  air  brake,  that  any  extended  description  of  it  would  be 
superfluous.  Suffice  it  to  say  that  the  ordinary  air  (non-automatic) 
brake  of  this  company  consists  of  an  air-pump  attached  to  the  engine, 
in  which  the  sizes  of  the  air  and  steam  cylinders  are  so  proportioned  as 
to  give  the  necessary  or  desired  air  pressure  when  the  steam  in  the  boiler 
is  at  the  normal  pressure;  a  boiler-iron  tank  forming  the  main  reservoir, 
generally  located  under  the  foot-board,  and  sometimes  under  the  forward- 
end  of  the  boiler  ;  an  engineer's  brake-valve  on  the  engine,  by  which 
the  pressure  of  the  air  in  the  main  reservoir  may  be  admitted  to  the 
cylinders  under  the  cars;  a  tube  or  pipe  under  each  car  with  hose 
and  couplings  to  form  connection  between  the  cars;  and  a  brake- 
cylinder  under  each  car,  the  piston  of  which  is  so  connected  with  the 
brake-rods  as  to  tranfer  the  force  of  the  air  pressure  upon  the  piston  to 
the  brakes.  There  is  also  an  air-cylinder  upon  the  engine,  the  piston  of 
which  is  connected  with  the  brakes  upon  the  driving-wheels,  and  an  air- 


430  SHHSTN    ON    POWER   FREIGHT   BRAKES. 

cylinder  under  the  tender  connected  with  the  brakes  on  the  wheels  of 
the  tender.  The  air-brake,  as  originally  designed  and  put  in  operation, 
developed  a  very  dangerous  tendency,  in  cases  where  trains  were 
accidentally  parted  into  two  sections,  to  bring  the  sections  into  collision 
by  reason  of  the  connection  with  the  rear  section  being  destroyed.  To 
meet  this,  a  very  important  and  ingenious  arrangement  was  devised  by 
Mr.  Westinghouse,  termed  the  automatic  brake,  the  details  of  which, 
and  its  method  of  action,  are  perhaps  not  generally  understood  by  the 
members  of  the  Society,  for  which  reason  I  append  a  description  of  the 
automatic  brake  as  applied  to  freight  cars,  with  reference  to  plates 
illustrating  the  apparatus. 

The  apparatus  upon  the  engine  for  freight  service  is  similar  in  all 
respects  to  that  for  passenger  service,  with  the  exception  of  its  being 
larger  in  size,  its  capacity  being  about  double  that  of  the  standard  air- 
pump  for  passenger  engines. 

In  the  automatic  brake  there  is  on  each  car,  in  addition  to  the 
apparatus  heretofore  described  as  used  in  the  air  brake,  a  reservoir  in 
which  a  supply  of  air  is  stored  at  the  maximum  pressure  ready  for 
immediate  use  upon  that  car. 

Plate  No.  XXVIII  shows  the  arrangement  of  the  reservoir  and  brake- 
cylinders  as  applied  to  the  freight  car,  all  the  reservoirs  upon  the  train 
being  filled  with  air  at  the  standard  pressure,  and  the  pipes  connecting 
them  being  also  filled  with  air  at  the  same  pressure.  It  is  provided  that 
upon  any  reduction  of  pressure  in  the  pipes  the  valve  will  be  opened, 
admitting  the  air  pressure  from  the  car-reservoir  to  the  brake-cylinder, 
thereby  applying  the  brakes. 

The  requisite  reduction  in  pressure  in  the  air-pipes  to  bring  the 
brakes  into  action  may  be  brought  about  by  either 

1.  The  engineer  opening  his  valve,  permitting  air  to  escape. 

2.  The  conductor  or  brakeman  opening  a  valve  in  the  caboose,  per^ 
mitting  the  air  to  escape. 

3.  The  parting  of  the  train,  bursting  of  a  hose,  disconnecting  a  coup- 
ling, or  any  other  occurrence  which  shall  cause  air  to  escape  from  the  air- 
pipes. 

Plate  No.  XXIX  shows  the  arrangement  known  as  the  "  freight  brake 
triple  valve,"  which  is  a  very  ingenious  arrangement,  the  description  of 
which,  and  its  application,  I  copy  from  the  Westinghouse  Company's 
catalogue,  as  follows : 
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"  The  triple  valve  has  a  pistcm,  5,  working  in  the  chamber  B,  and 
carrying  with  it  a  slide  valve,  6.  Air  enters  from  the  main  pipe  through 
the  four- way  cock  into  the  drain-cup  A,  and  passes  to  the  chamber  B, 
forcing  the  piston  up,  and  uncovering  a  small  feeding  groove  in  the  upper 
part  of  the  chamber,  which  permits  air  to  flow  past  the  piston  into  the 
auxiliary  reservoir,  while  at  the  same  time  there  is  an  open  communica- 
tion from  the  brake-cylinder  to  the  atmosphere  through  the  passages 
d,  e,  f  and  g.  Air  will  continue  to  flow  into  the  auxilary  reservoir  until 
it  contains  the  same  pressure  as  the  main  brake-pipe. 

"  To  apply  the  brakes  with  their  full  force,  the  compressed  air  in  the 
main  brake-pipe  is  allowed  to  escape,  when  the  greater  pressure  in  the 
auxiliary  reservoir  forces  the  piston,  5,  down  below  the  feeding  groove, 
thus  preventing  the  return  of  air  from  the  reservoir  to  the  brake-pipe. 
As  the  piston  descends,  it  moves  with  it  the  slide-valve,  6,  so  as  to  permit 
air  to  flow  directly  from  the  auxiliary  reservoir  into  the  brake-cylinder, 
which  forces  the  pistons  out  and  applies  the  brakes.  The  brakes  are 
released  by  again  admitting  pressure  into  the  main  brake-pipe  from  the 
main  reservoir,  which  pressure,  being  greater  than  that  in  the  auxil- 
iary reservoir,  forces  the  piston,  5,  back  to  the  position  shown  in  the 
drawing,  recharges  the  reservoir,  and  at  the  same  time  permits  the  air 
in  the  brake- cylinders  to  escape.  To  apply  the  brakes  gently,  a  slight 
reduction  is  made  in  the  pressure  in  the  main  brake-pipe,  which  moves 
the  piston  down  slowly  until  it  is  stopped  by  the  graduating  spring 
9;  at  this  point  the  opening  1  in  the  slide-valve  is  opposite  the  port  f, 
and  allows  air  from  the  auxiliary  reservoir  to  feed  through  a  hole  m 
the  side  of  the  slide-valve,  and  through  the  opening  1  into  the  brake- 
cylinder.  The  passage  lis  opened  and  closed  by  a  small  valve,  7,  which 
is  attached  to  and  moves  with  the  piston  5,  provision  being  made  for  a 
limited  motion  of  these  parts  without  moving  the  valve  6.  When  the 
pressure  in  the  auxiliary  reservoir  has  been  reduced  by  expanding  into 
the  brake-cylinder  until  it  is  the  same  as  the  pressure  in  the  main 
brake-pipe,  the  graduating  spring  pushes  the  piston  up  until  the 
small  valve  7  closes  the  feed-opening  1.  This  causes  whatever  pressure 
is  in  the  brake-cylinder  to  be  retained,  thus  applying  the  brakes 
with  a  force  proportionate  to  the  reduction  of  pressure  in  the  brake- 
pipe. 

"  To  prevent  the  application  of  the  brakes  from  a  slight  reduction  of 
pressure  caused  by  leakage  in  the  brake-pipe,  a  semicircular  groove  is 
cut  in  the  body  of  the  car  cylinder,  nine  sixty-fourths  of  an  inch  in  width 
and  five  sixty-fourths  of  an  inch  in  depth,  and  extending  so  that  the  piston 
must  travel  three  inches  before  the  groove  is  covered  with  the  packing 
leather.  A  small  quantity  of  air,  such  as  results  from  a  leak,  passing 
from  the  triple  valve  into  the  car  cylinder,  has  the  effect  of  moving 
the  piston  slightly  forward,  but  not  sufficiently  to  close  the  groove, 
which  permits  the  air  to  flow  out  past  the  piston.  If,  however,  the 
brakes  are  applied  in  the  usual  manner,  the  piston  will  be  moved  for- 
ward, notwithstanding  the  slight  leak,  and  will  cover  the  groove. 
It  is  very  important  that  the  groove  shall  be  three  inches  long,  and  shall 
not  exceed  in  area  the  dimensions  given  above.  Heretofore  we  have 
used  leakage  valves,  and  have  also  had  a  leakage  hole.  These  leakage 
holes  we  have  found  to  be  too  uncertain  in  their  operation,  and  we  con- 
sequently recommend  that  these  holes  should  be  closed  and  the  grooves 
in  the  cylinders  substituted  as  rapidly  as  possible. 

"When  the  handle  of  the  four- way  cock  is  turned  down,  there  is  a 
communication  from  the  main  brake-pipe  to  the  brake-cylinder,  the 
triple  valve  and  auxiliary   reservoir  being  cut  out,  and  the  apparatus 
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can  then  be  worked  as  a  non-automatic  bi-ake  by  admitting  the 
air  into  the  main  brake-pipe  and  brake-cylinder  to  apply  the 
brakes.  When,  from  any  cause,  it  is  desirable  to  have  the  brake  inoper- 
ative on  any  particular  car,  the  four-way  cock  is  turned  to  an  interme- 
diate position,  which  shuts  off  the  brake-cylinder  and  reservoir,  leaving 
the  main  brake-pipe  unobstructed  to  supply  air  to  the  remaining 
vehicles." 

For  more  detailed  description  of  the  Westinghouse  apparatus,  mem- 
bers are  referred  to  the  catalogue  of  the  company,  which  can  be  obtained 
by  addressing  the  Westinghouse  Air  Brake  Company,  Pittsburgh,  Pa. 

The  American  automatic  brake  being  so  limited  in  its  use,  I  append 
a  full  description  of  its  construction  and  method  of  operation  with  refer- 
ence to  plates  illustrating  its  construction. 

Plate  No.  XXX  illustrates  one  of  the  arrangements  of  the  American 
Brake  Company's  steam-driver  and  tender  brake.  This  arrangement  is 
used  where  the  space  between  the  drivers  is  sufficient  to  admit  of  it,  but 
Avhere  the  drivers  are  too  close  for  this  arrangement,  a  vertical  cylinder  is 
substituted,  and  in  some  cases  the  application  of  the  brake  is  made  on  the 
outside  instead  of  the  inside  of  the  driving  wheels.  There  is  a  second 
cylinder  under  the  foot-board  of  the  engine,  the  piston  of  which  is  con- 
nected by  a  chain  in  the  usual  way  with  the  brake-rods  of  the  tender. 
This  brake  is  brought  into  action  by  admitting  steam  to  the  cylinders 
at  boiler  pressure.  The  engineer's  valve  is  of  such  construction  that  its 
first  opening  admits  steam  to  the  cylinder  under  the  foot-board,  thus 
applying  the  tender-brake  first.  A  further  movement  of  the  valve  ad- 
mits steam  to  the  cylinder  of  the  driver-brake.  It  is  claimed  by  the 
company  that  the  arrangement  of  the  driver-brake  is  such  as  to  cushion 
against  the  shocks  produced  upon  the  brakes  by  the  inequalities  of  the 
track.  The  whole  apparatus  is  certainly  very  simple,  and  there  appears 
to  be  no  reason  why  it  should  not  be  thoroughly  effective. 

Plate  No.  XXXI  shows  the  automatic  brake  as  applied  to  the  truck 
of  a  freight  car,  being  an  isometrical  view  of  the  arrangement. 

Plate  No.  XXXII  shows  the  same  in  ground  plan,  and  Plate  No. 
XXXIII  shows  it  in  side  elevation.  The  figures  indicating  the  parts  are 
the  same  in  all  the  plates,  and  the  following  is  a  brief  description  of  the 
arrangement  and  method  of  its  operation.  This  brake  is  of  the  class  known 
as  the  "  Compression  "  or  "Buffer"  brake.  It  is  operated  by  the  com. 
pression  of  the  draw-bar,  when,  the  motion  of  the  engine  being  checked 
by  application  of  the  driver-brake  or  by  encountering  any  obstruction,  the 
momentum  of  the  cars  causes  them  to  be  brought  forcibly  together,  thus 
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compressing  the  draw-bars.     The  essential  features  of  the  brake  are  as 
follows:   The  push -bar  (192),  when  the  car  is  at  rest,  is  in  the  position 
shown  in  Plate  No.  XXXI,  when  any  compression  of  the  draw-bar  will  not 
affect  it.     Thus  the  car  can  be  pulled  forward  or  backed,  without  in  any 
way  acting  upon  the  push-bar.     The  push-bar  is  connected  with  a  lever 
(42)  extending  downward,  at  the  lower  end  of  which  it  takes  hold  of  the 
pull-rod    (206),  which  is  connected  with  the   brake-lever   by  the  relief  - 
spring  (185).     The  push-bar  and  its  right  angle  lever  (42)  are  so  pivoted 
and  connected  that  any  pressure  against  the  front  of  the  push-bar,  when 
it  is  in  position  to  apply  the  brakes,  will  operate  to  force  the  lower  end 
of    the  lever  forward   or  toward  the  end   of  the  car,  thereby   trans- 
ferring the  force  by  means  of  the  pull-rod  to  the  brake-lever,  the  re- 
mainder of  the  action  being  the  same  as  when  the  power  is  applied  to 
the  brake-lever  by  hand.     The  most  essential  feature  of  this  brake  is  the 
apparatus  upon  the  axle,  which  is  designed  to  prevent  it  from  coming 
into  action  when  the  car  is  being  moved  at  a  low  rate  of  speed,  or  when 
it  is  to  be  backed,  and  to  cause  the  brake  to  be  released  promptly  when 
the  stop  is  made.     This  apparatus  consists  of  the  disc  (151),  which  is 
suspended  around  but  not  attached  to  the  axle.     On  the  back  of  the  disc 
are  two  flanges  or  plates,  having  two  slots  in  each,  in  which  the  ends  of 
the  governor  blocks  (190)  move  outward  and  inward,  by  their  motion 
causing  the  disc  to  be  moved  laterally  on  the  axle.     The  governor  blocks 
(190)  are  pivoted  at  their  fastened  ends  to  the  axle  clamp  (1),  the  clamp 
being  bolted  securely  to  the  axle.     The  governor  blocks  are  held  against 
the  axle,  when  the  car  is  at  rest  or  moving  at  a  slow  rate  of  speed,  by  the 
volute  springs  (197).     In  front  of  the  disc  is  the  fork  (5),  which  is  sus- 
pended around  the  axle  without  touching  it,  and  which  is  connected  by 
the  lower  bell-crank  rod  (205),  the  bell-crank  (72  G)  and  the  upper  bell- 
crank  rod  (30)  to  a  hook  on  the  upper  side  of  the  push-bar.     The  Plates 
Nos.  XXXII  and  XXXIII  show  the  parts  when  the  push-bar  is  in  posi- 
tion behind  the  draw-bar  to  apply  the  brake,  the  operation  of  which  is 
thus  described  by  the  company: 

"  The  upright  lever  (42)  is  suspended  between  the  draft  timbers,  and 
carries  in  its  upper  jawed  end  the  push-bar  (192),  which  engages  with  or 
disengages  from  the  inner  end  of  the  draw-bar  according  as  it  is 
lowered  or  raised  by  the  centrifugal  governor,  which  is  securely  fixed  on 
the  axle. 

"When,  by  the  rotation  of  the  axle,  the  centrifugal  force  opens  out 
the  governor  blocks  (190),  they  draw  towards  themselves  the  disc  (151) 
to  which  they  are  attached,  and  thus  permit,  by  means  of  the  fork  (5)  and 
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rod  connections  (205  and  30),  the  push-bar  to  drop  behind  the  draw-bar 
(see  Plate  XXXIII). 

"  When  the  axle  ceases  to  revolve  and  the  centrifugal  force  dies,  the 
governor  blocks  are  forced  back  and  held  by  the  volute  springs  (197), 
and  by  means  of  the  same  fork  and  rod  connections  lift  the  push-bar  up 
and  out  of  engagement  with  the  draw-bar,  so  that  the  car  can  be  backed 
without  applying  the  brakes  (see  Plate  XXXI). 

"It  is  hardly  necessary  to  explain  that  when  the  car  is  at  speed  and 
the  push-bar  consequently  engaged  behind  the  draw-bar,  any  compres- 
sion of  the  latter,  obtained  by  resistances  offered  at  the  head  of  the 
train,  will  necessarily  apply  the  brakes  by  means  of  the  forward  move- 
ment of  the  lower  end  of  the  fulcrumed  upright  lever  through  its  rod 
attachment  to  the  end  of  the  brake  lever. 

"  The  brakes  will  then  be  applied  in  proportion  to  the  amount  of 
resistances  offered,  but  never  so  as  to  slip  the  wheels,  for  the  amount  of 
braking  pressure  diminishes  as  the  speed  of  the  car  is  checked.  To 
prevent  injury  to  the  parts  by  reason  of  a  sudden  concussion,  a  relief 
spring  (185)  is  interjsosed  between  the  two  levers  as  shown." 

The  weight  of  the  governor  blocks  and  the  strength  of  the  volute 
springs  are  so  proportioned  (or  intended  so  to  be)  as  to  cause  the  blocks 
to  remain  against  the  axle  till  the  speed  of  the  car  reaches  six  or  eight 
miles  per  hour,  when  the  centrifugal  force  of  the  governor  blocks  over- 
coming the  pressure  of  the  springs,  causes  them  to  separate,  withdraw- 
ing the  disc  from  the  fork  and  allowing  the  push-bar  to  drop  behind  the 
draw-bar  if  the  car  is  being  pulled;  if  the  car  is  being  pushed,  the 
draw-bar  will  be  compressed  and  the  push-bar  cannot  drop  behind  it 
until,  by  checking  the  engine,  the  draw-bars  will  be  momentarily  drawn 
out,  when  the  push-bar  will  come  into  position  to  apply  the  brakes. 

The  company  claims  that  when  switching  in  yards  or  moving  trains 
at  a  less  speed  than  eight  miles  per  hour,  their  motion  can  be  sufficient- 
ly controlled  by  means  of  the  driver  and  tender  brake.  Members 
desiring  more  detailed  description  of  the  brake  and  its  action  can  obtain 
a  catalogue  by  addressing  the  American  Brake  Co.,  St.  Louis,  Mo.,  or 
160  Broadway,  N.  Y. 

The  reputation  of  the  Westinghouse  brake  has  been  so  thoroughly 
established  in  the  passenger  service,  that  I  have  not  thought  it  necessary 
to  personally  test  it  in  the  freight  service  for  the  purposes  of  this  paper, 
as  it  was  not  practicable  to  do  so  without  a  long  journey  to  reach  a  road 
having  a  sufficient  number  of  cars  to  readily  furnish  a  full  train 
equipped  with  the  brake. 

The  Secretary  of  the  Westinghouse  Air  Brake  Company,  in  reply  to 
my  request  for  information  in  regard  to  their  brake  and  its  application 
to  the  freight  service,  wrote  me  in  part  as  follows: 
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"  We  always  insist  that  brakes  be  applied  to  both  trucks,  as  good 
braking  cannot  be  done  when  applied  to  only  one  truck.  Since  the 
commencement  of  the  introduction  of  the  Westinghouse  air  brake  in 
1869,  the  brake  question  has  attracted  the  attention  of  inventors  where- 
ever  railways  are  in  use.  Other  forms  of  compressed  air,  vacuum,  steam, 
electric,  various  forms  of  chain  brakes,  and  an  endless  variety  of  the  so- 
called  concussion  brakes,  where  the  braking  power  is  derived  from  the 
impact  of  the  draw-head,  have  been  tried. 

"The  first  trial  of  the  Westinghouse  air  brake  was  made  on  the 
Steubenville  accommodation  train  upon  the  Pittsburgh,  Cincinnati  and 
St.  Louis  Railway.  Its  adaptibility  in  placing  the  train  under  the  con- 
trol of  the  engineer,  and  the  quick  stops  that  could  be  made,  attracted 
the  attention  of  the  officers  of  the  Pennsylvania  Railroad,  and  soon  led 
to  its  introduction  on  all  the  trains  of  that  road. 

"Mr.  Westinghouse  was  quick  to  perceive  the  defects  of  his  first  in- 
vention; while  the  brake  could  stop  a  train  in  as  short  time  and  distance 
as  was  consistent  with  safety,  still  if  a  hose  or  pipe  burst  the  brake 
became  powerless.  The  engineer,  depending  ujjon  the  brake,  often  ex- 
posed his  train  to  danger  and  accident.  This  led  to  the  introduction  of 
the  automatic  brake,  which,  however,  required  years  of  careful  investiga- 
tion and  improvement  before  the  brake  now  in  use  was  perfected. 

"  The  success  of  the  Westinghouse  automatic  brake,  as  applied  to 
passenger  trains  all  over  the  world,  is  too  well  known  to  require  com- 
ment. More  can  be  said  in  favor  of  the  automatic  brake  for  freight 
ti-ains  than  for  passenger  trains.  While  passenger  trains  are  run  at  a 
high  rate  of  speed,  and  are  freighted  with  valuable  lives,  freight  trains 
on  most  roads  are  more  numerous  than  passenger  trains,  and  the  rolling 
stock  less  substantial,  the  trains  longer  and  more  unwieldy,  consequently 
more  liable  to  accident. 

"  It  requires  no  argument  to  prove  that  when  freight  trains  are 
equipped  with  automatic  brakes,  the  number  of  accidents  will  be  greatly 
decreased.  That  disastrous  class  of  accidents  caused  by  trains  breaking 
in  two,  and  the  separated  parts  colliding,  will  be  entirely  avoided.  In 
regard  to  collisions,  derailments,  etc. ,  the  same  arguments  can  be  used ; 
the  engineer,  having  the  power  at  his  command  to  stop  the  train  in  the 
shortest  possible  distance  consistent  with  safety,  will  prevent  most  of 
these  disasters,  which  otherwise  are  inevitable  and  beyond  his  control. 
Competition  in  railway  traffic  has  necessitated  the  introduction  of 
larger  and  stronger  cars.  From  a  load  of  ten  tons  it  has  increased  to 
twenty  and  even  thirty  tons.  Increased  speed  has  also  become  necessary, 
and  the  limit  of  15  miles  per  hour  has  been  doubled.  With  automatic 
brakes  the  train  can  be  brought  instantly  under  control  of  the  engi- 
neer, and  is  safer  to  run  at  a  speed  of  30  or  even  40  miles  per  hour  than 
with  the  hand  brakes  at  15.  This  is  substantiated  in  the  report  of  trials 
accompanying  this  letter,  where  trains  running  at  a  speed  of  35  miles 
per  hour  were  stopped  within  a  distance  of  200  yards;  and  trains  are 
handled  with  perfect  safety  on  descending  gradients  of  4  per  cent.  The 
capacity  of  a  railway  from  a  given  amount  of  rolling  stock  and  track 
can,  by  reason  of  increased  speed  and  safety,  be  nearly  doubled,  to  say 
nothing  of  the  importance  of  quick  time  in  delivering  freight,  which 
cannot  help  inducing  traffic." 

The  Westinghouse  Air  Brake  Co.  has  also,  at  my  request,  furnished 
me  with  reports  of  stops  made  by  trains  equipped  with  their  brake  on  the 
Central  Pacific  Railroad,  the  Atchison,  Topeka  and  Santa  Fe  Railroad, 
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and  the  Denver  and  South  Park  Railroad,  the  details  of  which  are  set 
forth  in  Schedule  No.  1,  and  shown  graphically  by  diagrams  in  PlateNo. 
XXXIV.  The  General  Manager  of  the  Southern  Pacific  Railroad  Co., 
in  a  letter  to  the  Westinghouse  Air  Brake  Co.,  giving  the  results  of  tests 
made  on  the  Central  Pacific  road,  reports  as  follows  : 

"  The  working  of  the  brake  was  reliable  and  most  satisfactory  under 
all  circumstances  attending  the  trial.  Of  this,  however,  we  had  no  doubt. 
Our  experience  of  the  brake  in  daily  service  upon  all  portions  of  the 
line  has  been  such  as  to  satisfy  us  fully  as  to  its  efficiency;  it  is  reliable 
under  all  circumstances,  and  its  working  is  such  as  to  inspire  full  con- 
fidence in  the  minds  of  train  men  as  to  its  safety  and  efficiency,  not  only 
on  the  level  portions  of  the  line,  but  on  the  long  and  steep  gradients  as 
well. 

"  The  tests  were  conducted  under  the  immediate  supervision  of  our 
division  superintendent,  assistant  general  master  mechanic,  division 
master  mechanic,  master  car-builder  and  assistant,  and  your  own  repre- 
sentative." Then  follow  the  details  of  the  stops,  which  will  be  found  in 
the  schedule.  Of  the  test  indicated  in  the  Schedule  as  "G,"  he  says  : 
"  The  pin  was  pulled  in  the  center  of  the  train,  leaving  the  engine  and 
13  cars  in  first  section,  and  caboose  and  11  cars  in  the  second  section. 
At  the  time  the  train  was  thus  parted  the  speed  was  35.06  miles  per 
hour  on  a  nearly  level  grade;  the  first  section  ran  665  feet  and  the 
second  section  630  feet  to  a  full  stop. 

"During  these  tests  the  rails  were  dry  and  in  perfect  surface.  Noth- 
ing was  found  in  the  working  of  the  brake  to  detract  in  the  least  degree 
from  its  merits  as  an  efficient  safety  brake. 

"  In  conclusion,  I  would  specially  call  your  attention  to  test  B,  where 
the  train  running  20.77  miles  per  hour  down  a  116-feet  grade  wras 
brought  to  a  full  stop  in  622  feet,  or  196  feet  less  than  the  length  of  the 
train;  also  to  test  G,  on  a  descending  and  nearly  level  portion  of  road, 
at  the  speed  of  35.06  miles  per  hour,  the  first  section  with  engine  was 
brought  to  a  full  stop  in  665  feet,  or  in  one  and  about  one-third  of  its 
length." 

The  Superintendent  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad 
reports  to  the  general  manager  upon  the  stops  made  on  that  road,  detail^ 
of  which  are  given  in  Schedule  No.  1.  Speed  of  train  in  each  case  was 
estimated,  which  leaves  a  large  margin  for  error.  He  says  of  the  stop 
indicated  by  K  in  Schedule  No.  1  : 

"This  stop  was  made  at  bridge  75,  west  of  Barclay,  on  a  straight 
track  and  level  grade.  The  last  15  cars  on  the  rear  end  had  the  air  '  cut 
out,'  and  the  pin  was  pulled  on  the  16th  car  from  the  rear,  thus  leaving 
but  one  car  with  air  to  stop  the  15  cars  behind  it  without  air;  estimated 
rate  of  speed  32  miles  per  hour.  This  test  was  made  to  prove  that  a 
large  number  of  cars  without  air  behind  one  or  more  cars  with  air  would 
not  telescope  forward  portion  of  train  with  air.  When  the  hose  first 
parted  the  two  sections  separated  about  6  feet,  and  then  gradually  closed 
up  without  concussion,  the  forward  portion  stopping  both  sections." 

The  Superintendent  of  the  Denver  and  South  Park  Railroad,  in  a  letter 
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to  the  Secretary  of  the  Westinghouse  Air  Brake  Co.,  giving  the  report 

of  the  experiments  on  that  road,  says  : 

"  The  officers  of  the  road  take  pleasure  in  saying  to  me  that  prior  to 
the  time  of  using  the  automatic  brake,  they  would  take  out  from  500  to 
600  pairs  of  flattened  wheels  per  month,  caused  by  sliding.  They  have 
now  reduced  this  item  to  a  very  small  figure.  For  instance,  for  the 
month  of  April  there  were  only  17  pairs  flattened  and  they  were  not 
taken  out,  as  it  was  considered  perfectly  safe  to  run  with  them.  They 
have  taken  out  only  10  pairs  of  flattened  wheels  from  their  passenger 
cars  in  the  two  years  the  automatic  brake  has  been  in  use.  This  cei1- 
tainly  speaks  in  thundering  tones  for  the  brake.  They  are  wonderfully 
pleased  with  the  brake  to  say  the  least.  I  might  add,  in  conclusion, 
that  the  rails  were  dry  when  the  experiments  were  made." 

Reference  to  the  Schedule  No.  1  will  show  the  details  of  these  stops 
so  far  as  furnished  me  in  the  report.  There  is  no  information  given  as 
to  how  the  speed  and  distance  run  were  determined,  nor  whether  the 
time  was  taken  by  a  stop  watch  or  an  ordinary  watch.  In  the  case  of 
the  experiments  on  the  Central  Pacific  Railroad,  I  would  infer  from  the 
speed  being  given  in  fractions  of  miles  that  it  was  taken  accurately,  but 
have  no  means  of  knowing  how  the  distance  was  arrived  at.  It  is  fre- 
quently estimated  by  counting  telegraph  poles,  which  introduces,  to  say 
the  least,  a  very  uncertain  element  into  the  case.  On  the  Atchison, 
Topeka  and  Sante  Fe  Railroad,  the  report  states  that  the  speed  was  esti- 
mated, and  as  the  distances  are  given  in  round  figures  it  is  probable 
that  they  also  were  estimated.  No  information  is  given  in  the  report  on 
the  Denver  and  South  Park,  but  the  relations  of  the  speed,  time  and 
distance  run  to  each  other,  indicate  that  one  or  more  of  these  elements 
were  arrived  at  by  estimate,  which  in  many  cases  is  only  another  word  for 
guess.  The  diagrams  in  Plate  No.  NXXIV  are  necessarily  hypothetical. 
They  are  made  for  purposes  of  approximate  comparison  with  the  dia- 
grams of  the  stops  made  with  the  American  brake,  and  I  was  obliged  to 
assume  a  uniform  reduction  in  speed  during  the  whole  period  of  the 
stop,  which  is  not  at  all  probable.  The  main  features,  however,  being 
the  time  and  distance  run,  it  affords  some  basis  of  comparison,  and 
certainly  makes  a  very  favorable  showing  for  the  Westinghouse  Auto- 
matic Brake. 
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SCHEDULE  No.  1. 

Stops  made  with  Westinghotjse  Automatic  Brake,  shown  on 
Plate  No.  XXXIV. 
On  Central  Pacific  Railroad.— Train— Engine,  24  loaded  cars  and  caboose. 
Weight,  526  tons,  1  040  pounds;  length,  818  feet. 


Line 

Grade. 

Feet 

per 

Mile. 

Initial 
Speed. 
Miles 
per 
Hour. 

Stop  made  in 

Remarks. 

Plate 
XXXIV. 

Time. 

Seconds 

Distance 
Feet. 

A 

B 
C 
D 
E 
F 
G 

Descending. 
116 

116 

116 

116 

Level. 

do 

do. 

24.76 
20.77 
16.66 
13.75 
27.27 
24.54 
35.06 

25 
22 
14 
16 
15 
16 
22 

784 
622 
310 
322 
396 

420 

i    665 
}    630 

Engine   detached. 

do.                sand  used. 

do. 
Engine  attached,  sand  used. 
Engine  detached. 

do.                 sand  used. 
Engine  and  13  cars  detached. 

On  Atchison,  Topeka  and  Santa  Fe  Railroad. — Train — Engine  and  39  empty 

stock  cars. 


II 
I 
K 
L 
M 


53  des. 

43  des. 
26  asc. 
41  des. 
53  asc. 
Level. 

53  des. 


About 
30 

20 

630 

30 

14 

360 

32 

10 

35 

20 

600 

34 

14 

(    800 
"(    550 

Train  divided,  sections  stop- 
ped 210  feet  apart. 


Train  divided  in  center. 


On  Denver  and  South  Park  Railroad. — Train— Engine  and  18  loaded  cars. 


N 

175  des. 

30 

20 

975 

O 

100    " 

25 

17 

(    630 
j    510 

Train  divided,  11  cars  in 
rear. 

P 

Level. 

35 

19 

630 

Q 

do. 

38 

(    705 
(    585 

Train  divided,  11  cars  in 
rear. 

In  all  of  the  stops  recorded  above,  all  the  wheels  had  brakes  applied  to 
them.     Therefore,  percentage  of  wheels  with  brakes,  100. 
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When  I  decided,  upon  the  grounds  heretofore  set  forth,  to  investigate 
the  American  Brake  Company's  devices,  I  called  upon  the  officers  of 
that  company  to  provide  a  fully  equipped  train  of  engine  and  cars,  and 
also  to  furnish  such  apparatus  as  would  be  necessary  to  enable  the  test- 
to  be  made  accurately. 

The  company  met  my  request  by  equipping  a  61-ton  engine  with 
their  driver  and  tender  brake,  and  12  coal  cars  and  2  box  cars  with  their 
automatic  freight-brake,  and  a  box  car  (herein  termed  the  "gauge  car") 
with  the  following  described  apparatus: 

A  speed  recorder,  driven  by  a  belt  from  the  axle  of  the  car,  and  so 
arranged  as  to  show  on  one  dial  (by  an  indicator  similar  to  that  on  a 
steam-gauge)  the  rate  of  speed  in  miles  per  hour  at  which  the  train  was 
at  the  moment  running;  another  dial,  with  a  clutch  connection  so  ar- 
ranged as  to  be  automatically  put  in  operation  when  the  brake  was 
applied,  showed  the  distance  run  in  feet  from  the  time  the  brake  was 
applied  until  the  train  was  stopped. 

The  gauge  car  was  also  provided  with  an  apparatus,  consisting  of  a 
clock  movement  so  arranged  as  to  propel  a  sheet  of  diagram  paper,  which 
was  traversed  transversely  by  a  cross-head  carrying  a  pencil  and  moving 
upon  guides.  This  cross-head  was  connected  with  one  end  of  a  lever, 
the  other  end  of  which,  in  the  trials  made  in  June  on  the  Missouri 
Pacific  Railroad,  was  connected  with  the  draw-bar  spring  at  one  end  of 
the  gauge  car.  This  draw-bar  spring  was  tested  in  compression,  so 
as  to  ascertain  the  amount  of  pressure  required  to  compress  it  for  each 
quarter  of  an  inch,  and  the  lever  connecting  it  with  the  cross-head  was 
so  arranged  as  to  cause  a  movement  in  the  cross-head  of  three-quarters 
of  an  inch  for  each  quarter  of  an  inch  compression  or  extension  of  the 
spring.  By  means  of  this  apparatus  a  diagram  was  made  automatic- 
ally, indicating  the  varying  pressure  upon  the  draw-bar  during  the 
whole  period  covered  by  the  stop.  The  clock-work  was  capable  of  being 
varied  in  speed,  and  during  the  early  experiments  it  was  run  at  a  speed 
which  propelled  the  paper  about  one  inch  per  second. 

Before  the  test  stops  on  the  New  York,  West  Shore  and  Buffalo  Rail- 
road were  begun,  this  apparatus  was  changed  to  the  other  end  of  the 
gauge  car,  where  the  lever  connected  with  the  cross -head  was  at  its  other 
end  connected  with  a  spring  in  such  a  manner  that  the  spring  should 
receive  the  strain  which  would  normally  come  upon  the  pull-rod  of  the 
brake;  this  spring  was  tested  in  like  manner,  and  a  diagram  made  auto- 
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rnatically  with  the  apparatus  in  this  position  shows  the  strain  on  the 
pull-rod  at  each  instant  of  the  stop.  The  speed  of  the  clock-work  in  the 
last  named  position  was  arranged  to  move  the  paper  at  about  one-half 
inch  per  second. 

The  leverage  of  the  brake  is  such  that  the  pressure  on  one  pair  of 
wheels  would  be  twice,  and  on  the  other  pair  of  wheels  three  times  the 
strain  upon  the  pull-rod. 

Diagrams  showing  the  strain  during  several  of  the  stops  made  will 
be  found  on  Plate  No.  XLII,  and  a  diagram  illustrating  the  pressui-e 
upon  the  draw-bar  will  be  found  on  Plate  No.  NLIII,  to  both  of  which 
reference  will  be  made  hereafter. 

The  speed  gauge  and  distance  gauge  were  thoroughly  tested  by 
being  connected  with  an  engine,  the  revolutions  of  which  were  regis- 
tered; and  they  were  subsequently  tested  in  actual  operation  on  the 
track  by  comparing  the  speed  shown  by  the  speed  gauge  with  the  time 
required  to  run  a  mile,  and  the  distance,  as  shown  by  the  distance 
gauge,  in  like  manner  with  the  measured  distance  on  the  track,  and 
both  were  found  to  correspond  with  satisfactory  accuracy,  the  error  in 
the  distance  gauge  being  less  than  one  per  cent. 

The  time  was  taken  with  a  stop  watch,  which,  during  all  the  tests 
witnessed  by  me,  was  held  by  myself.  The  watch  was  started  upon  the 
application  of  the  brake,  and  I  "called  out  at  each  ten  seconds  during  the 
stop,  while  one  assistant  noted  the  speed  at  that  instant  by  the  speed 
gauge,  and  another  noted  the  distance  run  by  the  distance  gauge.  When 
the  stop  was  completed  I  stopped  the  watch,  and  then  took  the  total 
time  from  it,  and  the  total  distance  from  the  distance  gauge.  I  also 
personally  noted  the  speed  by  the  speed  gauge  at  the  moment  the  brake 
was  applied.  With  these  precautions  I  was  able  to  obtain  a  very  satis- 
factory record  to  enable  me  to  produce  an  approximately  accurate 
diagram  of  each  stop  witnessed. 

Stops  Nos.  1  to  47  in  Schedules  2,  3  and  4  were  made  under  the  per- 
sonal supervision  of  the  writer  ;  Nos.  48  to  87  were  made  under  his 
direction,  but  were  not  witnessed  by  him. 

After  spending  two  days  in  making  the  test  stops  on  the  Carondelet 
Branch  of  the  Missouri  Pacific  Railway,  to  wit: 

June  18th,  with  experimental  train  of  empty  cars. 

June  20th,  with  the  same  train,  12  cars  loaded,  during  which  the 
stops  were  made   indicated   in  Schedules  2,  3  and  4  as  numbers  1  to  47, 
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I  directed  other  tests  to  be  made  on  the  same  road,  which  was  done  as 
I  directed,  and  the  results  were  reported  to  me  in  detail,  and  appear  in 
Schedules  2,  3  and  4  as  numbers  48  to  87  inclusive.  During  the  making 
of  these  stops,  the  box  car  containing  the  recording  and  indicating  appa- 
ratus (generally  referred  to  as  the  "gauge  car")  was  placed  for  about 
one-half  the  time  at  the  front  of  the  train  or  next  the  tender,  and  during 
the  balance  of  the  time  in  the  middle  of  the  train,  the  only  difference  in 
results  being  in  the  character  of  the  pressure  and  strain  diagrams 
obtained. 

The  diagram  of  "Pressure  on  Draw-bar,"  indicated  in  Plate  No. 
XLIII,  was  taken  with  the  gauge  car  in  the  middle  of  the  train;  of  the 
diagrams  of  "  Strain  on  Bottom-rod,"  shown  in  Plate  No.  XLII,  line  A, 
was  taken  with  the  gauge  car  in  the  middle  of  train,  and  is  a  typical 
diagram  for  that  position;  the  other  lines,  B  to  H,  were  taken  with 
the  gauge  car  in  front,  and  indicate  the  greater  strain  on  rod  and  conse- 
quent pressure  on  the  brakes  of  cars  in  that  position. 

The  experimental  tests  of  the  American  Brake  Comi3any's  engine  and 
automatic  freight  car  brake  were  begun  on  the  Carondelet  Branch  of  the 
Missouri  Pacific  Railway  on  June  18,  1885,  with  a  train  consisting  of 
Wabash,  St.  Louis  and  Pacific  Railway  engine  No  1406,  weighing  73  100 
lbs.,  tender  (with  coal  and  water),  50  000  lbs.;  3  box  cars,  12  coal  cars 
and  1  caboose.  Length  of  train,  540  feet;  weight,  with  cars  empty,  213 
tons;  weight,  with  cars  loaded,  400 -jV  tons;  engine,  weight  on  drivers, 
46  200  lbs. 

The  stops  were  made  on  descending  grades  of  57,  52-^  and  18  feet 
per  mile  respectively. 
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SCHEDULE  No.  2 
shows  the  stops  made  on  the  descending  grade  of  57  feet  per  mile. 

Stops  made  with  American  Automatic  Brake  on  Missouri  Pacific  Railway, 
Carondelet  Branch. 


o 

Weight 

Brake  Used. 

Initial 

Speed  at  each 
10  Seconds. 

Stops  Made. 

i  ft 

of 

Speed. 

Train. 
Tons. 

Kind. 

Per  Cent, 
ot   Wheels. 

Miles 
per  Hour. 

10 

20 

30 

40  50 

i 

60 

70 

80 

Time. 
Seconds 

Distance. 
Feet. 

1 

213 

Doable. 

87 

25 

172 

18* 

608 

2 

" 

" 

" 

25 

417 

3 

" 

" 

" 

30 

25 

16 

29A 

780 

4 

" 

•< 

" 

30 

19 

23 

570 

6 

<• 

<• 

" 

38 

34 

29 

23 

13 

50 

1  670 

8 

" 

Note  a 

" 

26 

125 

2  140 

11 

" 

"     b 

" 

32 

27 

25 

23 

17 

13 

7 

68 

1  680 

12 

" 

Single. 

43* 

30 

■J  4 

16 

9 

34 

840 

13 

" 

'• 

32 

24 

17 

9 

35 

1030 

14 

•• 

" 

•• 

30 

23 

16 

6 

34 

17 

400 

Double. 

87 

25 

'J 'J 

17 

12 

42 

867 

89 

" 

Single. 

43* 

25 

22    21 

19 

17 

16 

n 

12 

9 

84 

1  740 

48 

•• 

Note  c 

25 

25    23 

21 

is 

L6 

12 

4 

77 

1  623 

G7 

" 

'•    d 

25 

21     16 

11 

44 

814 

Note  a    Stop  No.  8,  with  engine  cut  off,  1  hand  brake  set  on  forward  car,  and  automatics 
set  thereby. 
"       b      "        "  11.  Same  as  No.  8,  except  3  hand  brakes  set. 

"       c      "        "  48.  Driver  and  tender  brake  and  3  handbrakes  set;  automatics  cut  out. 
"       d      "        "  67.  Automatic  brakes  used  on  forward  7  cars,  balance  cut  out. 


Brakes  on  both  trucks,  when  so  used,  are  called  "double"  brakes. 
When  brake  on  but  one  truck  is  used,  it  is  designated  "  single  "  brake. 
When  the  American  automatic  devices  are  cut  out,  and  brakes  are  set  by 
hand,  it  is  designated  as  "hand  brakes." 

The  stops  made  on  the  Missouri  Pacific  Railway  on  the  descending 
grade  of  52  W  feet  per  mile  are  shown  graphically  in  the  diagram  on 
Plate  No.  XXXV,  the  stops  at  the  same  speed  and  under  the  same  con- 
ditions being  averaged,  and  the  diagram  lines  show  such  average.  The 
details  of  the  stops  are  shown  in  Schedule  No.  3. 
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SCHEDULE  No.  3. 

Stops  made  with  American  Automatic  Brake  on  Missouri  Pacific  Rail 
way,  Carondelet  Branch,  on  grade  52 -,*0-  feet  per  mile  descending. 


O 

o     ^ 
s>X 

Weight 

of 
Train. 
Tons. 

Bkake  Used. 

Initial 
Speed. 

Spehd  at  each 
10  Seconds. 

Stops  Made. 

Letter 

Plat 

No.  XX 

Kind 

Per  Cent. 

of  Wheels. 

Miles 

per 

Hour. 

li 

20  30 

50 

00 

70 

so 

Time. 

Secouds 

55 

Dis- 
tance. 
Feet. 

5 

213 

Double. 

87 

37 

1  780 

7 

" 

" 

•■ 

32 

26 

is 

7 

32 

1  038 

9 

" 

Note  e 

" 

32 

3  800 

10 

" 

"    f 

" 

30 

48 

1  260 

15 

Note  g 

" 

Single. 

434; 

20 

14 

21 

422 

16 

"    " 

" 

" 

" 

20 

13 

18 

370 

18 

G 

400 

Double. 

87 

25 

22 

16 

9 

35 

840 

19 

G 

" 

" 

" 

25 

22 

17 

12 

1 

41 

935 

20 

" 

" 

" 

22 

is 

14 

11 

42 

833 

21 

A 

" 

•" 

" 

20 

is 

If. 

12 

8 

50 

928 

23 

A 

" 

" 

" 

20 

18 

15 

12 

9 

50 

948 

25 

G 

*' 

" 

" 

25 

■>o 

17 

13 

11 

3 

54 

1  117 

27 

G 

" 

" 

" 

25 

17 

14 

11 

50 

990 

23 

" 

" 

" 

23 

17 

15 

13 

10 

2 

55 

908 

31 

" 

" 

" 

21 

it; 

14 

11 

4 

45 

805 

33 

A 

" 

" 

" 

20 

L6 

14 

n 

3 

45 

776 

35 

" 

" 

" 

17 

8 

15 

213 

37 

H 

" 

" 

" 

30 

'J  4 

19 

14 

8 

45 

1  130 

40 

B 

" 

Single. 

43i 

20 

16 

15  13 

11 

4 

56 

983 

42 

B 

•' 

" 

20 

17 

16  13 

10 

1 

52 

995 

44 

J 

" 

•< 

" 

25 

22 

19  16 

12 

7 

56 

1275 

46 

C 

" 

Note  h 

" 

20 

20 

18  16  15 

12 

8  .. 

77 

1253 

49 

'• 

"    3 

" 

25 

26 

25  24  21 

18 

14  10 

83 

2  058- 

51 

" 

" 

20 

21 

19 

16  13 

8 

63 

1  260 

53 

K 

" 

"     h 

" 

25 

25 

25 

24  21 

18 

14 

11 

3 

87 

2  200 

55 

D 

•• 

"     " 

20 

22 

23 

22  21 

19 

18  16 

13 

110 

2  620 

57 

C 

" 

"     h 

" 

20 

'JO 

20 

18  17 

16  14  12 

11 

110 

2  006 

59 

Note  I 

" 

Double. 

87 

25 

J4 

■211 

Hi  12 

.. 

55 

1  188- 

61 

"     " 

" 

" 

20 

16 

13 

6 

36 

650 

63 

" 

" 

" 

18 

16 

12 

30 

385 

65 

Note  m 

" 

" 

" 

20 

20 

19 

is 

17 

10 

15 

12 

10 

106 

2  060 

68 

"     n 

" 

" 

43 

25 

22 

17 

12 

6 

45 

893 

70 

"     '• 

" 

" 

" 

20 

16 

14 

in 

4 

45 

816 

72 

"       0 

" 

" 

■• 

25 

23 

20 

17 

14 

11 

5 

67 

1  350 

74 

"    " 

" 

" 

" 

20 

18 

16 

14 

10 

3 

55 

1  038 

76 

«    p 

" 

Single. 

21* 

25 

22 

I'.l 

Hi 

12 

8 

61 

1  330 

78 

"    " 

" 

•■ 

21 

is 

16 

12 

8 

50 

945 

80 

L 

224 

Double. 

77 

25 

17 

11 

28 

643 

82 

E 

" 

" 

" 

20 

14 

4 

23 

398 

84 

M 

" 

Single. 

381 

25 

20 

15 

10 

39 

830 

86 

F 

21* 

17 

12 

3 

33 

628 

Engine  detached;  1  hand  brake  set,  engaging  automatics. 


Note  e  Stop  No.    9. 

/  •<  "    10.           '•                           3 

g  "  "   15  and  16,  on  45  feet  descending  grade. 

h  "  "  46  and  57,  with  engine  and  tender  brake  only. 

j  "  "  49  and  51.     Engine  and  tender  and  hand  brakes  only,  3  brakemen. 

k  "  "   53  and  55.     3  brakemen,  hand  brakes  only  used. 

I  "  '•   59  and  61.     Engine  brake  applied  five  seconds  after  tender  brake. 

m  •'  "  65.     Engine  detached,  2  hand  brakes  set;  engaging  automatics. 

n  "  "68  and  70     Brakes  used  on  7  cars  only. 

o  •'  "   72  and  74.     Brakes  used  on  alternate  cars  only. 

p  "  "   76  and  78.     1  brake    "      "           "           "       " 

q  "  "   80  and  82.    Train  reduced  to  8  cars  and  caboose;  7  with  brakes. 

r  "  "  84  aud  86.     Same  train;  1  brake  used  on  7  cars. 
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SHINN    ON    POWER   FREIGHT   BRAKES. 


The  stops  made  on  descending  grade  of  18  feet  per  mile  are  shown 
graphically  in  the  diagram  on  Plate  No.  XXXVI,  and  the  details  are 
set  forth  in  Schedule  No.  4. 

SCHEDULE  No.  4. 

Stops  made  with  American  Automatic  Brake  on  Missouri  Pacific  Rail- 
way, Carondelet  Branch,  on  descending  grade,  18  feet  per  mile. 


o 

g     ~-     Weight 

Brake  Used. 

Initial 

Spked  at  each  10 
Seconds. 

Stops  Made. 

-D    P< 

of 

Speed. 

Train. 
Tons. 

Kind. 

Per  Cent, 
of  Wbeels. 

Miles 
per  Hour. 

10 

U 

20 
5 

30 

40 

50 

60 

70 

80 

Time. 
Seconds 

23 

Dis- 
tance. 
Feet. 

22 

400 

Double. 

87 

20 

412 

24 

A 

" 

20 

13 

1 

21* 

372 

26 

H 

" 

" 

25 

17 

11 

28J 

580 

28 

H 

" 

" 

25 

1'.' 

13 

31 

505 

30 

A 

" 

" 

20 

1- 

19 

326 

32 

A 

•• 

" 

20 

13 

18i 

280 

34 

A 

" 

" 

20 

12 

18 

300 

36 

" 

" 

15 

9 

18 

240 

38 

H 

" 

" 

25 

17 

11 

28 

575 

41 

B 

Single. 

434 

20 

15 

12 

2 

32^ 

553 

43 

I 

" 

" 

25 

'in 

11 

9 

39 

768 

45 

B 

■• 

" 

20 

16 

12 

5 

35 

600 

47 

C 

Engine 

&   Tender. 

20 

17 

11 

u 

4 

48 

798 

50 

J 

Notes 

43^ 

25 

24 

21 

17 

13 

5 

55 

1  258 

52 

"    " 

•• 

20 

L9 

i<; 

12 

4 

46 

850 

54 

K 

Hand 

Note* 

25 

24 

22 

19  16 

12 

7 

70 

1520 

56 

V 

•■ 

..    .< 

20 

19 

17 

14 

12 

8 

2 

70 

1205 

58 

C 

Engine 

&   Tender. 

20 

18 

16 

12 

8 

..        54 

938 

60 

Note  u 

Double. 

87 

25 

21 

15 

8 

36 

681 

62 

..     .< 

" 

" 

20 

15 

6 

■ • !       24J 

395 

64 

«■ 

" 

18 

14 

20 

280 

66 

E 

Note  t> 

'• 

19 

16 

12 

6 

37 

560 

69 

Note  iv 

Double. 

43 

24* 

is 

13 

30 

628 

71 

..     << 

•  ■ 

" 

20 

11 

18 

282 

73 

"        X 

«« 

25 

19 

15 

11 

4 

46 

798 

75 

<i     « 

" 

" 

20 

in 

11 

33 

570 

77 

"    y 

Single. 

22 

25 

11' 

11 

in 

40 

826 

79 

" 

20 

15 

9 

29 

480 

81 

L   z 

224 

Double. 

77 

25 

16 

6 

24 

495 

83 

F 

•• 

" 

20 

12 

19 

327 

85 

M& 

" 

38J 

25 

If, 

9 

..        27 

550 

87 

G 

20 

12 

1 

n 

389 

Note  s  Stops  50  and  52.  Engine  and  tender  and  hand  brakes  only;  3  brakenien. 

/  "  54  and  56.  Used  only  hand  brakes,  set  by  3  brakenien. 

"     u  "  60  and  62  Engine  brake  applied  Ave  seconds  after  tender  brake. 

v  •'  66.     Engine  detached;  2  hand  brakes  set,  engaging  automatics. 

■•      w  "  69  and  71.  Brakes  on  7  cars  used;  brakes  on  cars  in  rear  cut  off. 

"      x  "  73  and  75.          "        *'  alternate  cars  used;  balance  cut  out. 

y  •'  77  and  79.  1  brake  on        "          "        "            "           "       " 

"      z  "  81  and  83.  8  cars  and  caboose  in  train;  7  cars  with  brakes. 

,:      <£•  "  85  and  87.  8     "       "            "        "       "        7     "       "     1  brake  each. 
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SHINX    ON    POWER   FREIGHT   BRAKES. 


The  experimental  train  having  been  run  East  to  Boston,  and  being 
on  its  return,  I  arranged  to  make  a  second  series  of  tests,  under  my  per- 
sonal observation,  on  the  New  York,  West  Shore  and  Buffalo  Railway, 
and  on  the  New  York,  Lake  Ontario  and  Western  Railway,  the  officers 
of  which  roads  kindly  furnished  the  opportunity  for  the  use  of  their 
tracks,  and  on  August  6th,  7th  and  11th,  I  observed  57  test-stops,  the 
details  of  which  are  set  forth  in  Schedules  5,  6  and  7,  and  are  shown 
graphically  by  the  diagrams  in  Plates  XXXVII,  XXXVIII  and  XXXIX. 

SCHEDULE  No.  5. 

Stops  made  with  American  Automatic  Brake  on  New  York,  West  Shore 
and  Buffalo  Railway.— Train,  540  feet  long.  Engine,  61  tons;  15  cars 
and  caboose,  339 -fy.  Total,  400-^-  tons.  Descending  grades  37,  47 
and  52-)%  feet  per  mile. 


o 

a 

Bbakes  Used. 

Initial 

Speed  at  each 
10  Seconds. 

Stops  Made. 

Letters  o 

Plate 
XXXVII 

Grade. 

Feet  per 

Mile. 

Speed. 

Miles 

per 

Hour. 

3  o< 

■2  -2 

2  CO 

Kind. 

Per  Cent, 
of  Wheels. 

10 

20 

30 

40 

50 

60 

70 

80 

Time. 

Seconds 

Dis- 
tance. 
Feet. 

l 

52.8 

Double 

87 

25 

1  496 

a 

" 

'• 

.< 

25 

22 

19 

17 

15 

l'j 

8 

71 

1  393 

4 

c 

.■ 

" 

■< 

16 

L2 

8 

27 

321 

7 

A 

" 

" 

■  < 

25 

19 

16 

13 

8 

49 

1  027 

8 

■  • 

<< 

" 

16 

14 

12 

11 

10 

8 

7 

2 

75 

1  099 

11 

A 

" 

■• 

■  • 

25 

20 

16 

11 

1 

41 

839 

12 

C 

•  • 

•  • 

•  . 

15£ 

12 

7 

25J 

301 

22 

B 

" 

■• 

" 

27 

24 

21 

18 

14 

9 

58 

1263 

23 

C 

'• 

" 

" 

16 

12 

8 

•• 

30 

357 

57 

B 

•  ' 

" 

26 

21 

17 

13 

8 

48 

854 

27 

D 

" 

Single 

43* 

25 

23 

21 

■Jii 

19|18 

16 

15 

1  1 

126 

2  540 

32 

D 

•  • 

" 

<> 

25 

22 

20 

is 

17  15 

14 

12 

10 

105 

1  950 

36 

D 

" 

" 

" 

25 

22 

19 

17 

14  12 

9 

2 

79 

1  433 

37 

E 

" 

" 

" 

16 

14 

13 

11 

9,  5 

1 

61 

800 

16 

F 

" 

Hand 

Note  a 

25 

25 

24 

23 

22  20 

18 

i;, 

i:2 

95 

2  322 

17 

G 

" 

" 

-    b 

17 

17 

16 

16 

14  12 

8 

70 

1  250 

39 

<< 

" 

"    c 

25 

24 

24 

•s.i 

23  21 

20 

is 

is 

106 

2  710 

21 

H 

37. 

Note  d 

43J 

25 

24 

23 

21 

20  19 

17 

15 

13 

123 

2  560 

41 

H 

•> 

,i      .. 

" 

25 

24 

22 

20 

19  17 

16 

14 

13 

122 

2  290 

28 

J 

47. 

Single 

" 

15 

13 

HI 

6 

1  .. 

44 

472 

33 

K 

« 

•■ 

" 

25 

23 

21 

in 

17  15 

12 

8 

1 

81 

1  686 

55 

&t\ 

Double 

87 

27 

24 

21 

16 

13    6 

57 

1  170 

56 

A  A.  9 

25 

21 

19  16 

13    8 

60 

1120 

Note  a.     Stop  No.  16.     Hand-brakes  set  on  signal  by  3  brakemen;  all  set. 
"      b.        "      "     17.  "  "  "       "    3        "  14  brakes  set. 

"      c.         "      "    39.  "  "  "      "    conductor  and   one  brakeman  ;    10 

brakes  set. 
"      d.        "      "    21  and  41.     Engine  and  tender  brakes  only. 
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SHINK    ON    POWER    FREIGHT   RRAKES. 


This  being  the  first  opportunity  for  testing  the  brake  in  making  stops 
on  a  level,  I  had  21  such  stops  made,  the  record  of  which  is  shown 
graphically  by  diagrams  Plate  No.  XXXVIII ;  and  full  details  are  set 
forth  in  Schedule  No.  6. 

SCHEDULE  No.  6. 

Stops  made  with  American  Automatic  Brake  on  New  York,  West  Shore 
and  Buffalo  Bailway.  Train,  540  feet  long.  Engine,  61  tons;  15  cars 
and  caboose,  SS^V     Total,  400 -fc  tons. 

Level. 


o 

a     E 

O       f> 

2  St* 

Brakes  Used. 

Initial 

Speed  at  each 
10  Seconds. 

Stops 

Made. 

ffi  ft 

Speed. 

.Sy 

Miles 

gee 

3     6 

Kind. 

Per  cent, 
of  Wheels. 

per 
Hour. 

10,20 

30 

40 

50 

60 

70 

Ml 

Time. 
Seconds. 

Distance. 
Feet. 

2 

A 

Double . 

87 

24 

19 

13 

4 

34 

643 

5 

A 

" 

" 

15 

19 

13 

31 

605 

6 

C 

" 

•' 

15 

11 

8 

-• 

30 

348 

9 

A 

" 

" 

25 

18 

11 

27 

508 

10 

C 

" 

151 

12 

8 

31 

346 

13 

A 

" 

" 

252 

19 

13 

1 

311 

586 

14 

C 

" 

" 

15 

10 

1 

22 

254 

15 

B 

" 

" 

28 

21 

15 

7 

34 

705 

24 

A 

" 

" 

25 

is 

13 

5 

33 

582 

25 

A 

" 

" 

25 

19 

15 

11 

40 

753 

26 

C 

" 

" 

15 

in 

1 

22 

29 

E 

Single. 

43* 

16 

11 

3 

26 

294 

30 

D 

" 

" 

25 

•2ii 

17 

14 

1U 

1 

55 

969 

31 

E 

" 

" 

16 

11 

6 

30 

313 

34 

E 

«• 

" 

15 

11 

2 

26 

273 

35 

D 

" 

" 

25 

•Jo 

L6 

13 

8 

49 

990 

38 

E 

" 

'• 

15 

11 

2 

.. 

26 

273 

18 

E 

Hand. 

Note  e 

24 

23 

21 

16 

13 

5 

55 

1160 

19 

G 

" 

"     / 

15 

1  1 

12 

7 

40 

512 

20 

F 

■' 

"      9 

28 

26 

24 

'2(1 

16 

11 

2 

63 

1  444 

40 

H 

" 

"      h 

25 

24 

22 

•20 

17 

14 

10 

2 

71 

1  672 

Note  e    Stop  No.  18.     Hand  brakes  set  ou  signal  by  3  brakemen  on  12  cars  and    caboose. 
..     j-       «       .,    19-        ..  ..  ..  ,.  3  ..    s      " 

"     g         "       "    20.         "  "  "  "  3  "  "  13 

"     h        "      "    40.         "  "  "  "  1  brakeman  and  conductor  on  7  cars 

and  caboose. 


The  test  stops,  13  in  number,  made  on  the  Cornwall  Grade  (descend- 
ing 79-rV  feet  per  mile)  of  the  New  York,  Ontario  and  Western  Railway, 
are  shown  graphically  by  diagrams  on  Plate  No.  XXXIX,  and  in  detail 
in  Schedule  No.  7  following. 
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SHINN    ON    POWER   FREIGHT    BRAKES. 


The  engine  used  in  stops  Nos.  42  to  49  was  the  Wabash,  St.  Louis  and 
Pacific  Railroad  engine.  8-wheel  engine,  4  drivers  5  feet  6  inches 
diameter. 

Weight  on  drivers 46  200  lbs. 

Weight  on  truck 26  850     " 

Total 73  050     " 

While  for  stops  Nos.  52  to  54,  engine  No.  58  of  New  York,  Ontario 
and  Western  Kailway  was  used.  10-wheel  engine,  6  drivers  4  feet  6 
inches  diameter. 

Weight  on  drivers 61  000  lbs. 

Weight  on  truck 13  000     " 

Total 74  000     " 


SCHEDULE  No.  7. 

Stops  made  with  American  Automatic  Brake  on  New  York,  Ontario  and 
Western  Railway. — Train,  540  feet  long.  Engine,  61  tons;  15  cars 
and  caboose,  339/y  tons.     Total,  400Tzjj  tons. 

Descending  grade  76.56  and  79.2  feet  per  mile. 


Sag 


Brakes  Used. 


Double 


Hand. 
Double. 


Per  cent, 
of   Wheels 


Note  j 
"  k 
87 


Initial 
Speed. 
Miles 
per 
Hour. 


16 

17 

26 

25 

25 

25 

16 

26 

Ibh 

25" 

16 

26 

17 


Speed  at  each 
10  Seconds. 


Stops  Made. 


4 

11    8 
'21  20 

11)18 


Time. 
Seconds 


19  IT  It 
13  10!  4 


22  21  20  19  18  15  12 
21  19  18  16  14  12  9 
10  4..I..I.. 


•in  16  13  9 

20  una!  7 

,26  26  24  21  18 
17  17  14  10|  2 
23  20  18  16  13 

14  12    8  . .  . . 


117 
86 
96 

96 
38 
65 
">7 
78 
53 
65 
40 


Dis- 
tance. 
Feet. 


396 

732 

2  532 

1  713 

2  122 
1  750 

422 
1  228 
1  160 
1  916 

864 
1389 

510 


Note  j    Stop  50.     Hand  brakes  set  by  3  brakemen  on  signal,  on  all  cars. 

k        "    51.         "  "  ■         "3  "  "  "     but  2  cars. 

Stops  Nos.  52,  53  and  54  made  with  New  York,    Ontario  and  Western  Railroad    engine 
equipped  with  their  air-brake,  applied  on  both  sides  of  six  drivers. 
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SHINN"    ON"   POWER   FREIGHT    BRAKES. 


There  were  exhibitions  of  the  train  making  test  stops  given  by  the 
officers  of  the  American  Brake  Company  on  August  14th  and  15th,  on 
the  New  York,  West  Shore  and  Buffalo  Railway,  the  record  of  which,  in 
detail,  as  furnished  me  by  the  Vice-President  of  the  American  Brake 
Company,  is  set  forth  in  Schedule  No.  8. 

SCHEDULE  No.  8. 

Stops  made  with  American  Automatic  Brake  on  New  York,  West  Shore 
and  Buffalo  Railway. — Train,  540  feet  long.     Weight,  358  tons. 


o    . 

Grade. 

Shakes  used. 

Initial 
Speed. 
Miles 
per 
Hour. 

Speed   at  each 
10  Seconds. 

Stops  Made. 

§03 

Feet 
Mile 

Kind. 

Kind. 

Per  cent, 
of  Wheels. 

10 
14 

20 
8 

30 

40 

50 

60 

70 

80 

Time. 
Seconds 

Dis- 
tance. 

Feet. 

1 

Level. 

Double 

87 

21 

25 

374 

5 

« 

25 

19 

15 

70 

39 

618 

7 

" 

20 

14 

7 

28 

473 

10 

" 

20 

13 

20 

319 

11 

" 

30 

21 

15 

6 

33 

713 

13 

" 

20 

12 

4 

23 

348 

17 

" 

25 

16 

10 

28 

505 

19 

•< 

25 

18 

30 

532 

21 

" 

20 

13 

6 

350 

22 

" 

224 

16 

9 

440 

6 

21 

12 

Desc 

'ff- 

" 

20 

15 

10 

360 

18 

< 

" 

25 

19 

15 

9 

688 

20 

■ 

" 

20 

13 

7 

362 

2 

26 

40 

" 

25 

19 

14 

6 

666 

14 

' 

" 

25 

19 

14 

3 

637 

12 

36 

96 

" 

26 

17 

14 

9 

47 

974 

23 

■ 

" 

25i 

20 

16 

12 

& 

44 

840 

4 

17 

52 

" 

25 

19 

17 

It 

10 

50 

953 

9 

* 

" 

20 

16 

14 

6 

1 

36 

619 

16 

' 

" 

25 

21 

17 

14 

8 

48 

918 

3 

52 

80 

" 

25 

20 

16 

13 

8 

45 

878 

8 

• 

" 

20 

38 

623 

15 

25 

21 

18 

It 

8 

46 

909 
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The  officers  of  the  American  Brake  Company  have  furnished  me  also 
with  the  record  of  23  stops  made  August  17th  and  18th,  which  are  of 
interest  mainly  on  account  of  the  high  speed.  The  details  form  Schedule 
No.  9,  and  are  shown  graphically  by  the  diagrams  in  Plate  No.  XL. 

SCHEDULE  No.  9. 

Stops  made  with  American  Automatic  Brake  on  Lehigh  Valley  Bailroad. 
— Train:  Engine;  14  cars  with  brakes;  3  cars  without  brakes. 
Length,  619  feet.     Weight,  373  tons. 


•o 

U 

9    r- 

u 

6  g   • 

Brakes  Used. 

Initial 
Speed. 
Miles 
per 
Hour. 

Speed  each  10 
Seconds. 

Stops  Made. 

•3  s 

ht)S 

Z  .-   ~ 

En 

Kind. 

Per  cent. 
of  Wheels. 

10 

20 

30 

40 

50 

60 

,0 

80 

Time. 
Seconds 

Dis- 
tance. 
Feet. 

Desc'g. 

17 

A 

47 

Double. 

87 

40 

82 

2  510 

18 

A 

" 

" 

40 

86 

2  752 

16 

B 

42 

" 

40 

72 

2  350 

8 

C 

22 

" 

40 

34 

29 

25 

18 

11 

58 

1647 

19 

C 

«' 

" 

40 

55 

1  613 

20 

C 

•■ 

" 

40 

48i 

1  393 

21 

c 

" 

" 

40 

54 

1  506 

22 

c 

" 

" 

40 

45 

1  288 

23 

c 

" 

" 

40 

47 

1  364 

9 

D 

" 

" 

25 

17 

9 

25 

450 

10 

E 

" 

" 

21i 

13 

19 

290 

2 

H 

H 

" 

40 

32 

26 

20 

13 

48 

1  310 

3 

H 

" 

40 

33 

26 

20 

12 

48 

1  332 

1 

J 

" 

•• 

32 

26 

19 

12 

39 

950 

5 

F 

Level. 

" 

40 

32 

20 

19 

11 

47 

1  379 

6 

G 

" 

" 

34 

29 

20 

10 

33 

812 

7 

Note. 

Asc'g. 

36J 

29 

23 

17 

43 

1  173 

13 

12 

" 

25 

30 

534 

11 

A'. 

22 

" 

27 

25 

470 

12 

" 

" 

" 

25 

26 

488 

14 

" 

•' 

" 

25 

30 

491 

15 



" 

" 

30 

30 

608 

4 

26 

36 

27 

18 

8 

33£ 

862 

Note. — Stop  No.  7  was  made  with  the  brake  "cut  out"  on  the  ijine  cars  in  rear.     Seo 
strain  diagram  of  this  stop,  line  G,  Plate  XLII. 

Speed  each  10  seconds  was  taken  in  stops  Nos.  1  to  10  only. 
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The  observations  of  the  working  of  the  brakes  during  the  tests  here- 
tofore enumerated,  suggested  to  the  officers  of  the  American  Brake 
Company  some  improvements  in  the  details,  which  were  made  after  the 
return  of  the  train  to  St.  Louis.  The  following  is  the  record  furnished 
me  of  stops  made  on  September  3d  and  5th,  shown  graphically  by  dia- 
grams in  Plate  No.  XLI. 

SCHEDULE  No.   10. 

Stops  made  with  American  Automatic  Brake  on  Missouri  Pacific  Bail- 
way  September  4th  and  5th,  1885.  Train:  Engine;  14  cars  with 
brakes;  2  cars  no  brakes.  Length  of  train,  600  feet.  Weight,  330 
tons. 


o 
1-    . 

aw 

u 

»  2.  ■ 

is  ao 

Brakes  Used. 

Initial 
Speed. 
Miles 
per 
Hour. 

Speed  each 
10  Seconds. 

Stops 

Made. 

2  35 

Kind. 

Per  Cent, 
of   Wheels. 

10  20 

30 

40 

50 

60 

711 

80 

Time. 
Seconds 

Dis- 
tance. 
Feet 

Down. 

4 

A 

53 

Double. 

87 

25 

19  15 

10 

39 

822 

6 

A 

" 

•• 

" 

25 

19  14 

in 

38 

790 

8 

B 

" 

" 

30 

24 

19 

13 

6 

43V 

1  100 

13 

" 

" 

23 

27 

567 

2 

C 

•  • 

" 

20 

15 

12 

4 

32 

576 

10 

C 

•  • 

" 

20 

15  10 

30 

514 

11 

c 

" 

" 

20 

13 

7 

25£ 

438 

15 

E 

•• 

" 

27 

29 

752 

18 

D 

" 

" 

20 

22 1 

410 

21 

F 

Hand. 

Note. 

27 

76 

2  150 

14 

57 

Double . 

87 

33 

18* 

1412 

16 

21 

" 

31 

35 

944 

19 

" 

•  • 

20 

19 

314 

1 

18 

•• 

20 

15 

9 

29 

500 

3 

G 

" 

" 

25 

30 

500 

5 

G 

•■ 

" 

25 

17 

10 

26 

536 

7 

J 

•' 

" 

30 

21 

14 

3 

32 

685 

9 

K 

•  ■ 

" 

33 

22 

16 

9 

37 

887 

20 

«< 

" 

20 

17 

323 

12 

Level. 

" 

20 

12 

21 

328 

17 

" 

19 

.. 

•  • 

337 

22 

L 

Hand. 

Note. 

24 

47 

1156 

23 

M 

Double. 

87 

24 

23* 

501 

Note. — Stops  13  to  23  made  after  omitting  relief  spring  on  automatic  brake.  Stops  21  and 
22  made  with  14  hand  brakes  set  on  signal.  Speed  each  ten  seconds  not  reported  on  stops 
13  to  23  made  September  5th. 
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It  is  greatly  to  he  regretted  that  my  data  in  regard  to  stops  made 
with  the  Westinghouse  automatic  brake  are  so  meager,  and,  in  what  I 
have,  the  time  consumed  in  making  stops  and  the  distance  run  do  not 
always  agree;  as  in  stop  2V",  Schedule  No.  1,  where,  at  the  initial  speed  of 
30  miles  })er  hour  (44  feet  per  second),  the  train  would  run  in  20  seconds 
but  880  feet,  while  it  is  claimed  to  have  run  975  feet  in  20  seconds  and 
come  to  a  stop.  I  will  assume  the  distances  run  to  be  more  nearly  cor- 
rect in  making  my  comparisons,  although  the  diagrams  (Plate  No. 
XXXIV)  are  based  on  the  assumption  that  the  time  is  correct  and  the 
reduction  of  speed  uniform. 

Comparing  stop  D  (Schedule  No.  1)  with  stop  C  on  same  grade, 
it  seems  that  the  Westinghouse  automatic  stops  the  train  more  quickly 
without  the  engine  than  with  it.  This  is  what  might  be  expected,  owing 
to  the  greater  momentum  of  the  engine.  There  are  but  few  of  the  stops 
that  can  be  compared  with  those  made  by  the  American  brake,  of  which 
the  following  are  the  best  examples,  viz. : 


Systems. 

Stops. 

Grade 
Feet 
per 

Mile. 

Speed 

Miles 

per 

Hour. 

Distance 

Feet. 

Kemaeks. 

Schedule. 

No. 

Westinghouse. . . 

American 

Westinghouse  . . 

American 

Westinghouse  .  . 

No.    1 
"      6 
"      1 
"      9 
"      1 
"      3 

F 
9 
P 
6 

H 
7 

Level. 

do 

do 

do 
53  feet 

do 

24.5 

25 

35 

34 

30 

32 

420 
508 
630 
812 
630 
1  038 

Engine  detached. 
"       attached. 
Loaded  cars. 

Empty       " 

These  few  comparisons  seem  to  indicate  that  the  American  brake  ap- 
proaches the  Westinghouse  in  efficiency  Aery  closely  on  a  level,  but 
that  the  latter  is  the  more  efficient  on  descending  gradients,  and  the 
steeper  the  descent  the  more  favorable  to  the  Westinghouse  is  the  com- 
parison. 

Comparing  stops  A  and  F,  Schedule  No.  1,  it  appears  that  at  almost 
identical  initial  speed  with  the  same  train,  it  required  420  feet  on  a  level 
and  but  784  feet  on  a  descending  grade  of  116  feet  per  mile  to  make  a 
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•stop.  This  is  very  creditable  to  the  Westinghouse  brake,  and  justifies 
its  use  on  heavy  grades  approximating  two  per  cent,  and  upwards. 

There  is  much  to  be  learned  by  a  careful  study  of  the  Schedules 
Nos.  2  to  10,  and  the  Diagram  Plates  Nos.  XXXV  to  XLI.  I  will  point 
out  a  few  of  the  most  important  features,  and  leave  the  remainder 
'to  be  studied  by  those  interested. 

On  Plate  No.  XXXV,  lines  E,  F,  L  and  M  show  the  advantage  in  the 
resistance  offered  by  the  engine  with  steam  brake  to  the  light  (unloaded) 
train.  Compare  E  and  F  with  A  and  B,  the  latter  being  the  diagrams 
with  loaded  train,  also  L  and  M  with  G  and  J.  Compare  diagram  lines 
O,  C  and  K,  all  being  stops  made  with  same  train  on  53  feet  descending 
grade  at  25  miles  per  hour: 

G — 45  seconds,    970  feet  with  double  automatic  and  engine  brakes. 

C — 93         "       1  630     "       "     engine  and  tender  brake  only. 

.Zl— 87  "  2  200  "  "  3  brakemen  setting  hand  brakes  on 
signal.     The  brakemen  were  out  on  the  train  and  watching  for  signal. 

Schedule  No.  4  and  Plate  No.  XXXVI  show  some  excellent  stops 
made  on  descending  18  feet  per  nide  gradient  at  the  speed  of  20  and 
25  miles  per  hour. 

Compare  stops  Nos.  50  (/),  54  (K)  and  28  (H),  all  made  on  18  feet 
grade  at  25  miles  per  hour. 

No.  50.     Line  J"— 55  sec,  1  258  ft.     Engine  brake  and  hand  brakes 

set  by  3  brakemen. 

No.  54.        "     K—70     "      1  520  "      Hand  brakes  only,  3  brakemen. 

No.  28.        "     H—  31     "         505  "      Double  automatic  brakes. 

The  engine  and  tender  brake  saves  262  feet  over  the  hand  brakes 
alone,  while  the  automatic  stops  the  train  in  one-third  the  distance 
required  by  hand  brakes  alone. 

Schedrde  No.  5  and  diagram  Plate  XXXVII,  Line  F,  shows  a  typical 
stop  with  hand  brakes,  set  by  3  good  brakemen  ready  for  the  signal.  Com- 
pare this  with  line  A  at  slightly  higher  speed  (25  miles),  and  note  that 
when  time  had  elapsed  equal  to  that  required  for  stops  with  automatic 
brakes  (45  seconds),  the  speed  had  been  reduced  by  hand  brakes  only 
from  24  to  about  21  miles  per  hour.  It  is  the  prompt  action  of  the 
automatic  brakes,  reducing  speed  5  to  7  miles  per  hour  in  the  first  10 
seconds,  that  proves  their  superiority  over  hand  brakes. 

Line  H  shows  that  the  engine  and  tender  brake  alone  reduces  speed 
more  rapidly  during  the  first  30  to  50  seconds  than  hand  brakes  set  by  3 
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good  brakemen  standing  ready  for  signal.  A  comparison  of  the  re- 
sults with  .single  and  double  brakes  shows  the  latter  to  be  nearly  twice 
as  efficient  as  the  former. 

Schedule  No.  6  and  diagrams  Plate  No.  XXXVIII  show  a  fair  com- 
parison of  the  efficiency  on  a  level  track  of  double,  single  and  hand 
brakes.     At  25  miles  per  hour  the  showing  is: 

With  double  automatic,  stop  made1  in 613  feet. 

"     single         "  "         "      " 980     " 

"     hand  brakes.  3  men, "         "      " 1306     " 

While  at  15  miles  per  hour  the  comparison  is: 

With  double  automatic,  stop  made  in 254  feet. 

"     single  "  "         "      " 273     " 

"     hand  brakes,  3  men,  "  "      " 512     " 

Schedule  No.  7  and  diagrams  Plate  No.  XXXIX  show  the  only  stops 
made  on  one  and  a  half  per  cent,  grade  (79.2  feet  per  mile).  The  stops 
with  automatic  brakes  show  much  more  favorably  with  the  New  York,  On- 
tario and  Western  Railway  engine — not,  as  I  believe,  in  consequence  of 
its  having  a  1  letter  driver-brake,  but  because  it  had  more  weight  on 
drivers  and  less  diameter  of  drivers,  givingmore  tractive  power,  it  being 
the  class  of  engine  required  to  handle  such  a  train  on  that  grade. 
Compare  lines  C  and  E,  at  speed  of  25  miles  per  hour,  as  follows: 

Line    C,  with  double  automatic,  stop    made  in 1  195  feet. 

"      E    "      hand  brakes,  3  men,  "         "      " 1916     " 

Also  compare  lines  D  and  F,  at  speed  of  15  miles  per  hour: 

Line  D,  with  double  automatic,  stop  made  in 422  feet. 

"     F     "      hand  brakes,  3  men,  "         "       " 864     " 

It  is  to  be  noted  that  the  brakemen  were  so  active,  that  in  stop  i?all 
hand  brakes  were  set,  and  in  stop  F  all  but  two  were  set. 

Schedule  No.  8  calls  for  no  special  comparisons,  the  stops  having  all 
been  made  with  the  double  automatic  brakes. 

Schedule  No.  9  and  diagrams  Plate  No.  XL,  make  an  interesting  ex- 
hibit of  stops  made  at  high  speed;  lines  A,  B,  C  and  F  showing  stops 
made  at  initial  speed  of  40  miles  an  hour,  as  follows: 

Line  A  on  descending  47  ft.  grade  in   2  630  feet. 

"    B   "  "  42  "       "       "   2  350    " 

"    C  "  "  22   "       "       "  1470     " 

"    F  "   level  "   1  379     " 

the  comparison  being  interesting,  at  least. 
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The  lines  J,  K  and  L  of  stops  made  on  ascending  25  feet  grade  are 
also  of  interest. 

Schedule  No.  10  and  diagrams  Plate  No.  XLI  are  chiefly  noticeable 
for  the  comparison  of  automatic  with  hand-brake  stops,  which  shows  as 
follows : 

Line  E,  speed  27  miles,  grade  53  ft.,  automatic  brakes,  in      752 feet. 
"     F      "       27      "  "      53  "     hand  brakes,  "   2  150    " 

"     L       "       24      "       level  automatic  brakes,  "       501    " 

"     M      "      24      "  "  handbrakes,  "    1156    " 

The  hand  brakes  were  set  on  tender  and  14  cars  by  fireman,  con- 
ductor and  3  brakemen,  and  show  nearly  3  to  1  in  favor  of  automatic 
brakes  on  53  feet  grade,  and  over  2  to  1  on  the  level.  A  comparison  of 
the  diagram  lines  will  show  that  when  E,  with  automatic  brakes,  had 
time  to  stop,  F,  with  hand  brakes,  had  reduced  speed  only  2  miles  per 
hour;  and  that  when  L,  with  automatic  brakes,  had  time  to  stop,  3f, 
with  hand  brakes,  had  reduced  speed  less  than  3  miles  per  hour. 

The  rapid  reduction  of  speed  is  of  the  greatest  importance,  for  the 
damage,  in  case  of  collision  or  obstruction,  is  dependent  on  the  momen- 
tum, which  is  as  the  square  of  the  speed. 

It  should  here  be  noted  that  in  all  my  experiments  with  the  Ameri- 
can brake,  no  factitious  aids  were  allowed;  I  did  not  even  allow  the 
engineer  to  use  sand,  and  care  was  taken  to  preserve  actual  working 
conditions  as  nearly  as  possible.  On  the  contrary,  all  the  stops  made 
with  the  hand  brakes  were  made  especially  favorable  to  that  system. 
The  brakemen  were  out  on  the  train,  expecting  the  signal  to  stop,  and 
were  anxious  to  "make  a  record"  for  themselves  and  the  hand  brakes. 
In  practical  railroad  work  the  brakemen  are  usually  on  the  engine  and 
in  the  caboose,  and,  in  case  of  impending  collision  or  other  accident,  the 
time  lost  in  getting  to  where  they  can  set  the  first  brake  often  permits 
the  train  to  run  so  far  as  to  strike.  This  is  the  special  advantage  of  a 
driver  and  tender  brake,  that  it  is  set  in  an  instant  after  steam  is 
shirt  off,  and  as  General  Manager  Thomas,  of  the  Cleveland,  Columbus, 
Cincinnati  and  Indianapolis  Railroad,  says:  "  In  case  of  emergency  they 
are  better  than  any  two  brakemen  that  can  be  gotten  on  top  of  a  freight 
train." 

Another  great  advantage  of  a  driver  and  tender  brake  is  in  its 
use  in  stopping  at  stations  and  water  plugs,  avoiding  the  use  of  the 
reverse  lever,  which  is  so  injurious  to  live  stock  in  the  trains,  and  causes 
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much  damage  to  other  freight  and  particularly  to  the  draw-heads  of  cars; 
in  these  respects  alone  it  will  save  yearly  many  times  its  annual  cost. 

Plate  No.  XLII  is  an  exact  reproduction  of  eight  of  the  automatic 
diagrams  taken  by  the  apparatus  in  the  gauge  car,  showing  the  strain 
on  the  pull-rod  of  the  brake  during  the  entire  period  covered  by  each  of 
the  stops  indicated  in  the  diagrams.  The  following  statement  shows 
the  stops,  in  making  which  these  diagrams  were  made,  and  further 
details  in  regard  to  them  will  be  found  by  reference  to  the  schedules  of 
stops  and  the  diagrams  of  speed  during  stops. 

Data  of  Stops  covered  by  Strain  Diagrams,  Plate  XLII. 
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In  the  plate  there  are  three  base  lines,  the  upper  being  for  diagrams 
A,  B  and  C  ;  the  middle  base  line  for  diagrams  D  and  E  (the  two 
lines  marked  E  constituting  a  diagram  of  the  same  stop;  the  more 
irregular  indicating  the  first,  and  the  more  nearly  horizontal  line  indi- 
cating the  last  half  of  the  stop)  ;  the  lower  base  line  applies  to  the 
diagram  lines  F,  G  and  H. 

The  short  vertical  lines  on  this  diagram  represent  time  spaces  of  two 
and  one-half  seconds  each.  The  figures  at  the  right  indicate  the  strain 
in  pounds,  and  where  there  are  two  sets  on  the  same  line,  the  larger 
refers  to  the  second  base  line  below. 
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As  before  stated,  some  of  the  stops  were  made  with  the  gauge  car  in 
the  middle  of  the  train,  which  gave  a  diagram  presumably  indicating 
the  average  strain  on  the  pull-rod,  from  which  could  be  calculated  the 
average  pressure  on  the  brake.  The  diagram,  line  A,  is  the  only  one  of 
this  character  shown  in  the  plate,  and  it  is  entirely  typical  of  the 
diagram  made  while  the  gauge  car  was  in  that  position. 

The  remainder  of  the  strain  diagrams  shown  in  the  plate  were  made 
with  the  gauge  car  next  to  the  tender,  which  gives  the  maximum  of 
strain  with  a  train  of  the  weight  experimented  upon,  and  under  the 
conditions  in  which  the  several  stops  were  made.  Attention  is  called  to 
the  prominent  features,  viz. : 

First. — To  the  sharpness  of  the  diagram,  indicating  the  maximum  of 
strain  at  the  beginning  of  each  stop  produced  by  the  suddenly  arrested 
momentum  of  the  train  when  the  driver-brake  is  put  on. 

Second. — To  the  recession  of  the  strain  to  the  minimum  immediately 
following  the  first  impact,  caused  by  the  reaction  of  the  train  after  its 
momentum  had  been  so  suddenly  arrested. 

Third. — To  the  second  reaction,  giving  a  strain  equal  to  about  two- 
thirds  of  that  of  the  first  impact,  followed  by  a  third  reaction,  showing 
a  reduction  of  the  strain  to  one-half  as  much  below  the  average  as  the 
preceding  wave  had  been  above  it.  These  waves  of  strain  are  all  found 
to  have  occurred  within  the  first  ten  to  fifteen  seconds.  The  maximum 
and  minimum  generally  take  place  during  the  first  five  seconds,  and  the 
next  superior  and  inferior  wave  within  the  ensuing  seven  seconds, 
so  that  after  fifteen  seconds  the  strain  becomes  reasonably  uniform. 

Fourth. — Contrary  to  the  opinion  of  the  Brake  Company,  as  ex- 
pressed in  the  quotation  made  from  their  catalogue,  that  "the  amount 
of  braking  pressure  diminishes  as  the  speed  of  the  car  is  checked,"  the 
diagrams  show  that  the  amount  of  braking  pressure  remains  measurably 
constant  to  the  very  end  of  the  stop,  the  end  of  the  diagram  being  in 
nearly  every  case  a  practically  perpendicular  line,  as  shown  plainly  in 
the  ends  of  diagrams  D  and  F.  This  does  not,  however,  appear  to  re- 
sult in  "  skidding,"  or  sliding  the  wheels.  This  is  doubtless  due,  in 
a  great  measure,  to  the  moderate  pressure  on  each  wheel,  and  it  is  partly 
due  to  what  was  noticed  by  Captain  Douglas  Galton  in  his  paper  "  On 
the  Effect  of  Brakes  on  Railway  Trains,"  read  by  him  before  the  Institu- 
tion of  Mechanical  Engineers  [Engineering,  May  2,  1879,  pp.  371-373), 
and  was  called  by  him  "  The  decrease  in  the  co-efficient  of  friction  aris- 


SHINN      ON 
POWER    FREICHT    BRAKES. 


PLATE    XLII. 
TRANS.  AM.   SOC.  CIV.  ENC'RS. 
VOL.   XIV.      No.  314. 


462  SHINN"    ON"    POWER   FREIGHT    BRAKES. 

ing  from  time,"  which,  as  he  says,  "  results  from  the  time  during  which 
they  are  kept  applied,  irrespective  of  any  change  in  speed."*  This  de- 
crease in  the  co-efficient  of  friction,  while  the  pressure  remains  constant, 
must  result  from  some  change  in  the  physical  conditions,  and  is  probably 
due  to  the  heating  of  the  brake-shoes,  and  of  the  wheels  or  tyres,  caused 
by  the  friction  and  developed  by  its  continuance.  Under  some  circum- 
stances the  pressure  rises  at  the  end  of  the  stop,  as  is  illustrated  in  a 
remarkable  manner  by  the  diagram  line  G,  where  the  strain  during  the 
last  ten  seconds  ran  up  from  4  250  pounds  to  about  9  000  pounds.  This 
was  caused  by  the  fact  that  the  train,  which  consisted  of  17  cars,  had 
7  cars  in  front  to  which  brakes  were  applied,  behind  which  were  9 
cars  without  brakes.  The  momentum  of  these  9  cars  caused  the  increase 
in  pressure  indicated. 

It  appears  that  when  all  the  cars  are  supplied  with  brakes,  the  strain 
upon  the  brakes  is  almost  uniform  after  the  first  fifteen  seconds  of  the 
stop,  and  this  appears  to  be  the  case  without  particular  regard  to  the 
grade  or  speed.  The  short  wave  at  the  beginning  of  each  diagram,  be- 
fore the  principal  strain  begins,  is  evidently  caused  by  the  shutting  off 
of  steam  from  the  engine  previous  to  the  application  of  the  driver- 
brake,  and  it  shows  that  the  mere  act  of  shutting  off  steam  will  bring  a 
strain  upon  the  brake-rods  of  about  1  000  pounds,  equivalent  to  a 
pressure  upon  the  brakes  of  2  000  and  3  000  pounds  respectively  for  the 
wheels  of  each  truck.  The  diagram,  line  A,  indicates  that  on  a  52.8- 
grade,  at  a  speed  of  25  miles  an  hour,  with  a  train  of  400  tons  in  weight, 
the  weight  of  engine  being  61  tons,  the  average  strain  on  the  brake-rod 
after  the  first  five  seconds  of  stop  will  be  about  2  500  pounds,  and  the 
pressure  of  the  brakes  upon  the  wheels  will  be  5  000  and  7  500  pounds 
respectively,  being  greater  than  this  at  the  front  and  less  at  the  rear  of 
the  train.  It  is  believed  by  the  writer  that  (the  gradient  and  speed 
remaining  the  same)  this  average  pressure  will  be  increased  by  additions 
to  the  length  of  the  train,  as,  where  the  brakes  are  applied  to  all  the  cars, 
the  momentum  of  each  car  seems  to  be  measurably  taken  care  of  by  its 
own  brakes,  so  that  while  the  momentum  does  not  become  cumulative 
to  the  extent  that  would  naturally  have  been  expected,  the  brake  will  be 
jjroportionately  more  effective  on  long  trains. 

*  Valuable  information  regarding  the  action  and  effect  of  brakes  (particularly  of  continuous 
brakes)  on  railway  trains,  can  be  had  from  the  three  papers  read  by  Captain  Gaiton  before  the 
Institute  of  Mechanical  Engineers,  and  published  in  Engineering  for  June  14th,  1878,  No- 
vember 15th,  1878,  and  May  2d,  1879,  giving  the  results  of  his  trials  and  experiments  with  the 
Westinghouse  automatic  brakes  on  passenger  trains  in  England. 
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Plate  No.  XLIII  shows  the  diagram  of  pressure  upon  the  draw-bar 
made  in  a  single  stop,  all  the  lines  of  the  diagram  being  parts  of  one  dia- 
gram, lines  B,  C  and  D  being  continuations  of  line  A.  In  this  diagram  the 
perpendicular  lines  represent  seconds  of  time,  and  the  horizontal  lines 
represent  degrees  of  pressure,  indicated  by  the  figures  at  the  left  of  the 
plate,  the  values  of  the  lines  being  given  from  base  line  of  diagram  A, 
and  each  succeeding  diagram  being  moved  up  by  one  line  ;  the  values 
for  the  lines  B,  C  and  D  should  be  taken  from  their  respective  base 
lines.  It  will  be  seen  that  the  maximum  pressure  was  reached  between 
the  second  and  third  seconds,  and  amounted  to  25  000  pounds,  while 
between  the  fifth  and  sixth  seconds  the  pressure  receded  to  about  6  000 
pounds,  followed  by  an  upward  wave,  which,  at  the  eighth  second,  reached 
nearly  20  000  pounds,  and  between  the  tenth  and  eleventh  reached  about 
22  000  pounds,  the  second  downward  reaction  being  at  its  minimum  at 
the  twelfth  second,  when  the  pressure  was  reduced  to  8  700  pounds, 
followed  at  the  thirteenth  second  by  an  upward  wave  reaching  almost 
20  000  pounds,  after  which  the  strain  was  reasonably  constant  at  about 
18  000  pounds,  until  within  ten  seconds  of  the  completion  of  the  stop, 
when  it  began  to  increase  and  reached  its  last  maximum  five  seconds  before 
the  completion  of  the  stop  at  about  22  000  pounds.  There  is  a  curious 
succession  of  waves  about  once  in  each  second,  but  it  will  be  noticed  by 
comparing  this  Plate  with  Plate  No.  XLII,  that  these  waves  are  all  ab- 
sorbed by  the  draw-bar  springs,  and  do  not  appear  in  the  diagrams  of 
strain  on  the  pull-rod.  This  diagram  of  Plate  No.  XLIII  is  entirely 
typical,  for  which  reason  I  have  thought  it  unnecessary  to  reproduce  more 
than  one.  These  diagrams  are  very  instructive,  and  they  have  already  in- 
dicated to  the  company  where  changes  can  be  made  that  will  add  to  the 
■efficiency  of  their  brake.  Although  the  pressure  upon  the  brakes  remains 
so  nearly  constant  to  the  end  of  the  stop,  the  diagrams  show,  contrary  to 
general  expectations,  that  the  brake  releases  with  absolute  promptness 
as  soon  as  the  motion  of  the  train  actually  ceases  ;  that  it  does  not 
require  the  engine  to  be  moved  forward  to  draw  out  the  draw-bars 
sufficiently  to  allow  the  push-bars  to  rise  and  the  brakes  to  slacken. 
During  the  experiments  which  I  witnessed,  the  train  was  backed  several 
times  without  taking  slack  in  order  to  relieve  the  brakes.  This  I  regard 
as  a  very  important  feature,  and  it  is  contrary  to  what  was  generally 
•expected. 

The  question  of  cost  of  power  brakes,  and  of  their  maintenance,  is  a 
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very  essential  one  to  be  considered  in  any  discussion  of  the  question. 
The  cost  of  the  Westinghouse  brake  as  given  in  the  company's  cata- 
logue, and  which  covers  all  the  apparatus  applied  to  the  car,  is  $50  at 
the  works  of  the  company  ;  the  cost  of  attaching  it  to  the  car  is  $6.50 
per  car,  making  the  total  cost  per  car  $56.50,  and  in  addition  the  freight 
on  the  materials  from  the  works  of  the  company.  This  is  for  a  brake 
applied  to  both  trucks  of  a  car,  the  company  in  its  catalogue  recom- 
mending that  the  brakes  should  in  all  cases  be  applied  to  both  trucks  of 
each  car.  To  this  recommendation  I  most  cordially  assent,  as  the  old 
plan  of  brakes  upon  one  truck  of  each  car  entirely  fails  to  meet  the 
necessities  of  the  present  conditions  of  the  service,  with  the  increased 
weight  of  cars  and  increased  length  of  trains.  On  the  question  of  cost 
of  maintenance  of  the  Westinghouse  brake  the  data  are  very  meager. 
An  English  publication  handed  me  by  the  secretary  of  the  company, 
gives  the  cost  of  repairing  and  maintenance  of  Westinghouse  brakes 
and  machinery  for  the  two  years  1882  and  1883  (the  number  of  vehicles 
being  2  666,  these  being  passenger  equipment)  as  9s.  5.35d.,  equal  to 
about  $2.27  per  year.  The  cost  of  the  air-pump,  driver-brake  and  other 
apparatus  applied  to  the  engine  in  the  Westinghouse  system,  is  given  in 
their  catalogue  as  $360  for  the  materials  at  the  company's  works,  the 
cost  of  applying  the  same  to  the  engine  being  $50,  making  the  total 
cost  per  engine  $410,  with  the  freight  from  the  company's  works  in 
addition.*  Of  the  cost  of  maintenance  of  the  engine  apparatus  I  have 
no  information  at  present. 

The  cost  of  the  driver  and  tender  brake  of  the  American  Brake  Com- 
pany is,  for  all  the  materials  at  the  company's  works,  $200.  The  cost  of 
its  application  to  an  engine  and  tender  is  stated  by  the  company  to  be 
$25,  making  the  total  cost  per  engine  $225,  in  addition  to  the  freight 
from  the  company's  works.  The  cost  of  the  apparatus  constituting  the 
American  automatic  brake  applied  to  each  freight  car  is  as  follows: 

For  a  single  truck — Materials $15  00 

Application — New  car  75  cents,  old  car 1  50 

$16  50 

For  both  trucks— Materials 25  00 

Application — New  car  $1.50,  old  car 3  00 

$28  00 

*  This  does  not  include  the  driver-brake  itself,  nor  its  connections  with  the  engine  and 
piston  rods  of  air  cylinders,  estimated  at  $90.  These  parts  are  included  in  the  price  named 
for  the  American  driver-brake. 
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to  -which  the  freight  from  the  company's  works  is  to  be  added.  The 
officers  of  the  company  inform  me  that  they  will  guarantee  that  the  cost 
of  maintenance  of  the  driver  and  tender  brake  shall  not  exceed  $10  per 
year,  unless  in  case  of  the  engine  being  wrecked  ;  and  under  like  con- 
ditions the  cost  of  maintenance  per  car  per  year  for  a  single  brake  shall 
not  exceed  $1,  and  for  the  double  brake  $2.  These  figures  are  for  the 
materials  furnished  by  the  brake  company  to  be  used  in  the  repairs,  and 
do  not  include  the  cost  of  taking  off  the  old  and  putting  on  the  new. 
A  statement  furnished  me  by  the  company  of  the  cost  of  materials  de- 
livered to  the  St.  Louis  and  San  Francisco  Railroad  Co.  for  the  repairs  of 
100  stock  cars,  Nos.  3600  to  3699,  from  the  period  when  they  went  into 
service,  which  was  May  27th  to  June  10th,  1884,  up  to  July  1st,  1885,  an 
average  period  of  about  13  months,  shows  the  total  cost  of  the  materials 
to  have  been  $49.43,  an  average  of  less  than  50  cents  per  car.  The 
mileage  of  several  of  the  cars  shows  them  to  have  run  from  12  700  to 
18  300  miles  each  during  the  period.  Taking  interest  on  cost  at  6  per 
cent.,  and  on  the  basis  of  brakes  being  ap plied  to  both  trucks  of  each 
car,  the  annual  charge  against  each  car  for  the  use  of  brakes  would  be 
approximately  as  follows  : 

Westinghouse  Automatic.  American  Automatic. 

Interest SI. 70 


Interest,  say $3.40 

Maintenance 2 .  27 

Total $5.67 


Maintenance 50 

Total $2.20 


Either  of  these  sums  is  wholly  inconsiderable  compared  with  the 
saving  made  by  the  use  of  the  brakes,  which  is  to  be  calculated  not  only 
upon  the  amounts  saved  by  lessening  the  damage  in  wrecks,  but  allow- 
ance should  also  be  made  for  the  saving  in  flattened  wheels  and  other 
items  of  general  repair,  and  it  is  especially  suggested  that  the  danger 
to  human  life  involved  in  the  present  system,  the  risks  run  by  employees, 
and  by  drovers  and  other  persons  who  are  allowed  to  ride  upon  freight 
trains,  cannot  be  justified  when  they  can  be  so  greatly  reduced  at  what 
is  shown  to  be  so  trifling  a  cost.  The  great  reduction  in  the  cost  of 
freight  cars,  combined  as  it  is  with  the  increase  in  their  capacity,  cer- 
tainly warrants  the  railroad  companies  in  introducing  this  improve- 
ment, particularly  as  it  is  easily  demonstrable  that  the  annual  saving 
will  amount  to  a  very  high  percentage  upon  their  cost. 

The  Westinghouse  automatic  brake  has  been  proved  in  innumerable 
instances  to  be  exactly  adapted  to  the  wants  of  the  passenger  train 
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service.  In  the  general  remarks  of  the  committee  of  the  Master  Car 
Builders'  Association,  the  following  expression  occurs:  "If  compres- 
sion brakes  are  equal  to  or  better  than  air  brakes,  why  don't  their  advo- 
cates undertake  to  fit  up  our  passenger  equipment  with  them?  "  After 
some  further  discussion  the  committee  states: 

"  The  reason  compression  brakes  are  not  applied  to  passenger  equij)- 
ment  is  because  they  do  not  fulfill  the  requirements  of  the  service  as 
well  as  air  brakes.  They  are  not  automatic  in  every  respect  as  the  air 
brake  is  ;  a  conductor  or  brakeman  on  any  part  of  the  train  cannot  at 
a  moment's  notice  apply  the  brake  on  every  car  and  engine  ;  in  case 
the  train  parts  while  running,  the  brakes  are  not  instantaneously  applied 
to  every  wheel  in  both  sections  of  the  train. 

"  This,  together  with  other  features,  might  be  cited  as  making  the  air 
brake  indispensable  for  passenger  service.  Are  not  these  same  points 
desirable  for  the  success  of  an  automatic  freight-car  brake  ?  Your  Com- 
mittee think  they  are  beyond  any  doubt  desirable,  but  how  to  accom- 
plish it  is  not  so  clear." 

The  use  of  the  word  "  automatic  "  in  the  sentence  above  quoted,  is 
not  warranted  by  the  proper  definition  of  that  word.  The  context  follow- 
ing the  expression  "They  are  not  automatic  in  every  respect  as  the  air 
brake  is,"  while  probably  not  so  intended,  conveys  the  idea  that  an  auto- 
'  matic  brake  is  one  which  the  conductor  or  brakeman  can  at  a  moment's 
notice  apply,  etc.  Webster  defines  the  word  automatic  as  "  Relating  to  an 
automaton;  operations  carried  on  by  self-acting  machinery."  The  appli- 
cation of  the  word  to  brakes  can  only  be  proper  when  used  to  convey 
the  idea  that  the  brake  is  self-acting.  A  brake  which  is  put  in  action  by 
the  engineer  opening  a  valve,  or  by  the  conductor  or  brakeman  pulling 
a  cord,  is  not  self-acting,  and  is  therefore  not  automatic. 

Tested  by  this  rule,  the  Westinghouse  brake  is  automatic  when  the 
train  parts  while  running;  it  is  not,  so  far  as  the  writer  understands  the 
matter,  automatic  under  any  other  conditions  of  its  use,  but  as  that  is  the 
condition  which  was  specially  intended  to  be  met  by  the  brake,  the 
designation  automatic  is  proper,  as  indicating  the  difference  between  that 
form  of  air  brake  and  that  which  is  known  as  "  non-automatic  or  straight 
air." 

The  Car  Builders'  Committee,  in  using  the  expression  "  They  are  not 
automatic  in  every  respect  as  the  air  brake  is,"  certainly  failed  to  com- 
prehend the  real  meaning  of  the  term.  I  have  thought  it  important  to 
discuss  this  matter  at  some  length,  because  great  stress  is  laid  by  all  par- 
ties upon  the  necessity  of  having  automatic  brakes,  while  the  question 
as  to  what  an  automatic  brake  is,  or  when  a  brake  is  automatic,  is  not 
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dwelt  upon.  The  American  Brake  Company  styles  its  freight-car  brake 
automatic.  It  does  not  apply  itself  or  is  not  self-acting  when  the  train 
parts,  and  in  that  particular  it  is  inferior  to  the  Westinghouse  brake, 
but  it  is  automatic  in  that  it  does  apply  itself  or  is  self-acting  under 
several  other  conditions,  such  as: 

First. — When  steam  is  shut  off  upon  the  engine  the  brake  is  brought 
into  action  in  a  slight  degree,  as  shown  by  the  short  wave  at  the  begin- 
ning of  the  strain  diagrams,  producing  a  little  pressure  on  each  wheel, 
which  steadies  the  train.  When  the  engine  is  reversed  the  brake  is 
applied  effectually. 

Second. — When  the  engine  is  derailed  or  meets  an  obstruction,  all 
the  brakes  are  applied  automatically,  with  force  in  proportion  to  the 
momentum  of  the  train  and  the  character  of  the  obstruction.  This 
feature,  I  am  informed,  has  proved  of  great  value  on  the  St.  Louis  and 
San  Francisco  Railroad,  in  one  case  saving  a  train  from  wreck  by  run- 
ning into  a  land  slide. 

Third. — In  case  any  car  of  the  train  is  derailed,  the  brakes  on  all  the 
cars  of  the  train  in  the  rear  of  the  derailed  car  are  applied  automatically. 
This  is  not  the  case  with  the  Westinghouse  brake,  unless  the  derailment 
separates  the  train  into  two  parts,  or  in  some  other  manner  breaks  the 
air-pipe  or  its  connections  so  as  to  permit  the  escape  of  air. 

I  do  not  consider  the  application  of  brakes  caused  by  the  engineer 
putting  on  the  driver  and  tender  brake  as  an  automatic  application,  as 
in  that  case  his  action  is  analogous  to  that  of  the  engineer  opening  the 
air- valve  of  the  Westinghouse  brake. 

In  the  ordinary  application  of  the  brakes  by  the  engineer,  both  brakes 
are  non-automatic  in  their  action. 

The  manner  in  which  the  importance  is  urged  of  having  a  freight- 
car  brake  that  will  be  automatic  in  case  the  train  is  parted,  suggests  that 
to  arrive  at  a  correct  judgment  on  this  point  an  inquiry  is  necessary 
to  determine  the  proportion  that  such  occurrences  bear  to  the  accidents 
of  other  character  requiring  a  prompt  application  of  the  brakes.  I 
have  procured  from  the  files  of  the  Railroad  Gazette  a  statement  of  the 
number  of  accidents  to  trains  on  railroads  of  the  United  States  during 
the  years  1873  to  1884,  inclusive,  which  follows  as  Schedule  No.  11. 
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SCHEDULE  No.   11. 

Number  of  Accidents  to  Trains  on  Railroads  of  the  United  States  dur- 
ing the  years  1873  to  1884,  inclusive,  as  reported  by  the  Railroad 
Gazette. 


\ 

Years. 

Total. 

Average. 

Character 

Accidents. 

1873 

1874  1875 

1876  1877 

1878 

1879  1880 

1881 

1882 

1883 

1884 

12  Years 

Per  Year. 

Collisions — 

187 

131 

141     159 

159 

142 

206 

274 

306 

388 

413 

280 

2  786 

232 

102      87 

104      94 

96 

70 

86 

141 

146 

160 

177 

138 

1401 

117 

31      19 

18      15 

13 

7 

17 

221     24 

30 

39 

27 

262 

22 

. .   1   . . 

3 

3 

I'nexplained.. . 

72       2:1 
392    260 

15       11 

268 

1 
220 

1 

310 

437 

576 

581 

629 

445 

123 

10 

278 

279 

4  575 

381 

Derailments — 

Defects     of 

167 

129 

206 

125 

118 

72 

94 

89 

169 

156 

227 

182 

1  734 

144 

Defects     of 

equipment  . . 

73 

63 

100 

76 

66 

41 

66 

64 

124 

102 

129 

67 

971 

84 

Negligence     in 

operating 

101 

93 

100 

108 

85 

65 

90 

98 

104 

10] 

112 

94 

1  151 

96 

Obstructions  . . 

152 

141 

207 

160 

131 

125 

113 

108 

150 

144 

199 

152 

1  782 

149 

I'nexplained. .. 

322 

228 

227 

186 

181 

ITS 

194 

238 

310 

239 

259 

186 

2  748 

229 

Totals 

815 

654 

840 

655 

581 

481 

557 

597 

857 

742 

926 

681 

8  386 

699 

Other  causes — 

In   which    stop 

is  important. 

57 

46 

54 

26 

27 

27 

■J.", 

27 

50 

27 '     66 

47 

479 

40 

19 
76 

66 

29 

83 

22 
48 

15 

42 

12 

39 

18 
43 

17 

44 

15 

65 

15       IS 

42|     84 

18 

H 

218 

18 

697 

58 

Grand  totals. 

1 
1283|  980 

1201    982 

891 

710 

910 

KiTs  1498  1365  1639 

1          1 

1191 

13  658 

1138 

SUMMARY  OF  ACCIDENTS  IN  1884. 

Collisions.         Other  Kinds. 

Passenger  Trains 48  284 

Passenger  and  Freight 122  

Freight  Trains '275  462 

Totals 445  746 

Total  Freight  Trains 397  462 

Trains  parted 43  .... 

Per  cent 11 


859 
43 
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This  shows  that  the  average  number  of  train  accidents  reported  for 
the  twelve  years  was  1  138  per  year;  while  the  summary  of  accidents 
in  1884  shows  1  191  in  that  year,  being  a  very  close  approximation  to 
the  twelve  years'  average.  By  a  careful  examination  of  the  monthly 
reports  of  accidents  printed  in  the  files  of  the  Gazette,  I  learned  that  the 
number  reported  as  caused  by  trains  parting  during  1884  was  43;  while 
the  number  of  accidents  in  which  freight  trains  were  involved  were: 
collisions,  397;  other  accidents,  462;  total,  859;  so  that  the  proportion 
which  the  accidents  caused  by  trains  parting  bear  to  the  number  of  col- 
lisions was  11  per  cent.,  and  its  proportion  to  the  whole  number  of 
accidents  to  freight  trains  was  5  per  cent.  It  does  not  seem,  therefore, 
that  the  provision  for  stopping  the  detached  section  in  the  case  of 
breaking  of  trains  is  of  such  importance  that  other  conditions  should  be 
subordinated  to  it.  It  may  further  be  of  value  to  inquire  into  the  causes 
of  this  class  of  accidents  with  a  view  to  their  possible  prevention. 
When  a  freight  train  breaks  in  two  it  is  usually  at  the  bottom  of  a  down 
grade,  and  most  frequently  where  a  down  grade  and  an  up  grade  meet, 
forming  a  synclinal.  With  a  train  equipped  with  hand  brakes,  when 
coming  down  a  grade  the  brake  is  usually  set  on  the  caboose,  and  per- 
haps on  one  or  two  of  the  rear  cars,  by  the  conductor  or  brakeman,  and 
on  the  tender  by  the  fireman.  Upon  reaching  the  bottom  of  the  grade 
the  fireman  promptly  lets  off  the  tender  brake  while  the  engineer 
gives  his  engine  steam,  pulling  out  sharply  as  the  up  grade  is  reached., 
thus  taking  up  the  slack  of  the  train  as  fast  as  the  cars  reach  the  bottom 
of  the  grade.  This  operation  of  taking  up  the  slack  results  in 
a  series  of  jerks  which,  in  a  long  train,  is  met  by  the  resistance  offered 
by  the  rear  cars  having  their  brakes  on,  and  occasionally  results  in 
breaking  a  coupling.  The  experience  of  the  American  brake  on  the  St. 
Louis  and  San  Francisco  Kailroad  shows  that  the  buffer  brake  prevents 
this  action,  as  in  its  use  the  brakes  are  on  all  the  cars  lightly  while  coming 
down  the  grade,  and  are  taken  off  as  rapidly  as  the  cars  reach  the  foot  of 
the  grade,  and  the  slack  is  taken  out  while  there  is  a  slight  resistance  in 
the  rear,  because  the  brakes  are  set  lightly  on  all  the  cars,  instead  of 
being  set  firmly  on  the  last  two  or  three.  The  St.  Louis  and  San  Fran- 
cisco road  is  a  surface  road,  having  a  great  many  of  these  "sags,"  as 
they  are  called,  causing  a  great  liability  to  trains  breaking  in  two.  The 
Vice-President  of  the  road  informed  me  that  the  number  of  such  acci- 
dents since  the  American  brakes  had  been  applied  was  greatly  decreased. 
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As  prevention  is  better  than  cure,  this  seems  to  be  a  strong  argument  in 
favor  of  the  buffer  brake. 

The  Master  Car  Builders'  Committee  state,  as  their  opinion,  that  the 
points  referred  to  as  making  the  air  brake  indispensable  for  passenger  ser- 
vice are  beyond  any  doubt  desirable  for  the  freight  service,  but  the  Com- 
mittee does  not  l'efer  to  certain  conditions  of  the  freight  service  which 
do  not  exist  in  the  passenger  service,  and  which  are  equally  important 
to  be  taken  into  account.  The  question  of  the  initial  expense  to  which 
they  do  refer  in  a  brief  way  is  a  very  important  one.  There  are  in  the 
United  States,  approximately,  25  000  engines  and  900  000  freight  cars.  Of 
the  engines  about  12  000  are  already  equipped  with  the  driver  brakes, 
leaving  13  000  to  be  equipped.  The  initial  cost  furnished  by  the  two 
companies  for  equipping  the  entire  freight  equipment  of  the  roads  by 
the  two  systems  with  double  brakes  would  be  as  follows: 

Westinghouse  System. 

13  000  engines  at  $500 $6  500  000 

900  000  freight  cars  at  $56.50 50  850  000 

Total $57  350  000 

Ameiucan  System. 

13  000  engines  at  $225  each $2  925  000 

900  000  freight  cars  at  $28  each 25  200  000 

Total $28  125  000 

The  cost  of  the  latter  being  in  round  numbers  about  one-half  the 
cost  of  the  former  system.  The  further  comparison  of  the  two  systems 
involves  a  consideration  of  certain  questions  which  arise  in  the  freight 
service,  but  are  not  met  with  in  the  passenger  service.  Taking  all  the 
railroads  of  the  country,  probably  at  least  90  per  cent,  of  the  passenger 
trains  are  made  up  wholly  of  cars  belonging  to  the  company  owning 
the  road,  and  therefore  if  its  cars  are  equipped  with  a  power  brake  all  the 
cars  of  every  train  will  have  that  brake.  The  exceptions  to  this  con- 
dition are  of  two  kinds  :  when  two  or  more  roads  are  so  operated  to- 
gether as  to  form  a  line  and  interchange  their  passenger  cars,  and  when 
two  or  more  roads  form  a  line  for  running  sleeping  or  parlor  cars.  In 
these   cases  if  the  roads   forming  the  line  adopt  the  same  brake,  the 
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result  is  reached  of  having  all  the  cars  of  every  train  equipped  with 
that  brake.  The  mere  difference  in  number  between  the  passenger  cars 
and  the  freight  cars  makes  a  great  difference  in  the  conditions. 

Freight  trains,  on  the  contrary,  are  made  up  of  cars  from  an  indefinite 
number  of  roads,  many  of  which  do  not  connect  with,  or  reach  within 
hundreds  of  miles  of  the  road  upon  which  the  trains  are  being  run.  A 
train  of  forty  cars  will  very  frequently  contain  twenty  or  thirty  varieties 
as  to  their  ownership.  I  recently  noticed  on  the  Pennsylvania  Railroad 
a  freight  train  of  34  cars  which  contained  but  one  Penna.  Railroad  car. 
In  the  use  of  a  continuous  brake,  it  is  essential  to  the  operation  of 
the  brake  on  each  car  that  it  be  connected  with  the  engine.  If  all  the 
cars  but  one  of  a  forty-car  train  be  equipped  with  such  a  brake,  the  brakes 
on  all  the  cars  in  the  rear  of  that  one  will  be  inoperative.  The  reasons 
governing  the  shifting  of  cars,  their  location  in  the  trains  with  reference 
to  their  destination,  preclude  the  idea  that  trains  can  be  made  up  with 
reference  to  the  kind  of  brakes  they  may  have  so  as  to  bring  all  the  cars 
having  the  continuous  brake  into  connection  with  the  engine.  For  these 
reasons,  the  following  are  believed  by  the  writer  to  be  essential  con- 
ditions to  the  successful  general  adoption  of  a  freight-car  brake: 

1st.  It  must  be  a  detached  brake. 

2d.  It  should  be  as  automatic  as  possible;  that  is,  under  as  many 
conditions  as  possible. 

3d.  It  should  require  no  application  of  the  hand  at  each  car  by  turn- 
ing a  lever  or  pulling  a  cord,  to  set  it  in  action  or  to  release  it  after 
action;  nor  would  a  brake  be  satisfactory  that  requires  reversing  in 
order  to  make  it  apply  when  the  cars  are  running  in  opposite  directions. 

4th.  It  should  be  prompt  in  action. 

5th.  It  must  be  prompt  in  releasing  when  the  train  comes  to  a  stop. 

6th.  It  must  not  slide  the  wheels,  as  flattened  wheels  are  a  serious 
cause  of  expense. 

7th.  It  should  come  into  action  without  regard  to  the  position  in  the 
train  of  the  car  or  cars  to  which  it  is  applied. 

8th.  It  should  act  when  necessary  without  the  volition  of  the  en- 
gineer; so  that,  when  the  cars  to  which  it  is  applied  are  on  a  foreign 
road,  it  will  be  applied  by  the  ordinary  action  of  the  engineer,  whether 
or  not  he  knows  of  its  presence  in  the  train. 

9th.  It  should  be  simple  in  construction,  reasonable  in  cost  and 
economical  in  maintenance. 
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The  American  brake  meets  these  conditions  far  better  than  I  had 
reason  to  believe  prior  to  making  the  tests  of  -which  this  paper  is  a 
report.  Before  undertaking  this  investigation  I  was  not  favorably  in- 
clined to  a  buffer  brake,  as  I  did  not  think  it  would  prove  of  sufficient 
value  in  practice  to  warrant  its  general  adoption.  These  tests  have  satis- 
fied me  that  a  properly  constructed  buffer  brake  is  a  great  addition  to 
the  freight  equipment  of  a  railroad. 

While  in  using  this  form  of  brake  the  strain  on  the  pull-rod,  and  the 
consequent  pressure  on  the  brakes,  remains  measurably  constant  to  the 
end  of  the  stop,  the  evidence  shows  that  it  does  not  slide  the  wheels. 
The  train  with  which  my  test  stops  were  made,  when  it  reached  St. 
Louis  after  a  ten  weeks'  trip,  making  several  hundred  special  test  stops, 
had  not.  I  am  informed,  a  single  flat  wheel. 

The  Vice-President  of  the  St.  Louis  and  San  Francisco  Eailway 
states  that  the  brakes  do  not  get  out  of  order  when  the  cars  are  off  on 
foreign  roads,  which  is  an  important  consideration. 

In  conclusion.  Jam  impressed  with  the  value  of  the  Westinghouse 
automatic  brake  tor  roads  having  grades  approximating  two  (2)  percent. 
(105. G  feet  per  mile)  and  upwards,  and  particularly  where,  by  reason  of 
the  gauge  or  location  they  run  their  own  cars  exclusively,  or  nearly  so; 
but  I  cannot  think  that  any  continuous  brake  can  come  into  general 
use.  for  the  reasons: 

1st.    Its  high  cost,  compared  with  that  of  a  good  buffer  brake. 

2d.  The  necessity  of  having  a  large  proportion  of  the  freight  cars  of 
the  country  equipped  before  much  advantage  can  be  had  from  its  use. 

3d.  Because  a  good  buffer  brake  can  be  had  at  half  the  cost,  and 
which,  being  detached,  will  do  its  share  of  the  braking  wherever  the 
car  or  cars  may  be  placed. 

The  maximum  gradients  on  a  very  large  proportion  of  the  railroads  of 
the  United  States— probably  on  three-fourths — do  not  exceed  52. S  feet 
per  mile. 

My  experiments  with  the  American  brake,  on  this  gradient,  descend- 
ing, show  that  by  its  use  a  train  of  400  tons,  running  25  miles  per 
hour,  can  lie  stopped  in  41  seconds  in  running  839  feet,  while,  with  3 
brakemen  setting  hand  brakes  it  took  95  seconds  and  2  322  feet. 
With  a  long  and  heavy  train  the  disparity  would  be  still  greater. 

The  evidence  shows  that  a  good  buffer  brake  is  a  valuable  addition  to 
the  driver-brake  for  stopping  freight  trains,  and  that  the  American  brake 
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is  cheap  in  cost,  economical  in  its  maintenance  and  reasonably  efficient 
in  its  action.  By  its  use  many  times  its  annual  cost  will  be  saved  to  the 
companies  adopting  it,  and  many  lives  will  be  saved  every  year.  I  fully 
believe  that  the  saving  in  current  expenses,  by  dispensing  with  brake- 
men,  avoiding  flattening  of  wheels,  time  saved  in  switching  and  hand- 
ling trains  at  stations  and  sidings,  etc.,  will  more  than  pay  its  annual 
cost,  leaving  the  saving  in  expense  of  accidents  and  wrecks  as  entirely  a 
profit  by  its  use. 

While  I  have  agreed  with  the  Westinghouse  Company  in  recom- 
mending the  use  of  brakes  on  both  trucks,  or  "double"  brakes,  the 
tests  show  that  great  advantage  over  hand  brakes  is  attained  by  having 
"single"  brakes  on  the  cars,  with  the  "driver  and  tender  "  brake,  and 
to  such  railroad  companies  as  feel  unable  to  incur  the  expense  of  double 
brakes,  I  say  unhesitatingly,  provide  your  freight  engines  at  once  with 
driver  and  tender  brakes,  and  your  cars  as  soon  as  practicable  with  sin- 
gle brakes,  to  be  followed  by  double  brakes  when  you  can  afford  the 
additional  investment. 

Thus  I  think  it  has  been  demonstrated  that  there  is  great  need  for 
"power  brakes  for  freight  trains,"  and  that  their  adoption  will  be  a 
measure  of  true  economy  in  railway  management. 
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REPORT    OF    THE    COMMITTEE    ON    A   UNIFORM 
SYSTEM  FOR  TESTS  OF  CEMENT. 


Presented  at  the  Annual  Meeting,  January  21st,  1885. 


To  the  American  Society  of  Civil  Engineers : 

Your  Committee,  appointed  to  devise  a  uniform  system  for  tests  of 
hydraulic  cement,  has  the  honor  to  submit  this  final  report.  Those 
portions  of  the  preliminary  report  presented  at  the  Annual  Meeting 
held  January  16th,  1884,  which  are  not  embodied  herein,  are  superseded. 

A  uniform  system  of  testing  cement,  in  order  to  be  practical,  must  be 
simple,  rapid,  and  easy  of  application,  and  should,  of  course,  be  reason- 
ably accurate.  Between  the  very  careful  tests  of  the  laboratory,  which 
consume  much  time  and  involve  considerable  expense,  and  the  rough 
and  unsatisfactory  trials  often  resorted  to  from  necessity,  there  is  a 
middle  ground,  which  it  has  been  the  endeavor  of  the  Committee  to 
occupy.  The  system  proposed  is  by  no  means  a  perfect  one — such  has 
not  yet  been  discovered — but  it  is  hoped  that  it  will  be  useful  in  elim- 
inating many  of  the  inaccuracies  of  the  usual  methods,  and  by  making 
the  system  uniform,  enable  the  experiments  of  the  various  members  of 
the  profession,  in  different  parts  of  the  country,  and  others  interested 
in  the  subject  of  cement  testing,  to  be  satisfactorily  compared. 
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The  testing  of  cement  is  not  so  simple  a  process  as  it  is  sometimes 
thought  to  be.  No  small  degree  of  experience  is  necessary  before  one 
can  manipulate  the  materials  so  as  to  obtain  even  approximately  ac- 
curate results. 

The  first  tests  of  inexperienced,  though  intelligent  and  careful  per- 
sons, are  usually  very  contradictory  and  inaccurate,  and  no  amount  of 
experience  can  eliminate  the  variations  introduced  by  the  personal 
equations  of  the  most  conscientious  observers.  Many  things,  ap- 
parently of  minor  importance,  exert  such  a  marked  influence  upon  the 
results,  that  it  is  only  by  the  greatest  care  in  every  particular,  aided  by 
experience  and  intelligence,  that  trustworthy  tests  can  be  made. 

The  test  for  tensile  strength  on  a  sectional  area  of  one  square  inch 
is  recommended,  because,  all  things  considered,  it  seems  best  for  gen- 
eral use.  In  the  small  briquette  there  is  less  danger  of  air  bubbles, 
the  amount  of  material  to  be  handled  is  smaller,  and  the  machine  for 
breaking  may  be  lighter  and  less  costly. 

The  tensile  test,  if  properly  made,  is  a  good,  though  not  a  perfect  in- 
dication of  the  value  of  a  cement.  The  time  requisite  for  making  this 
test,  whether  applied  to  either  the  natural*  or  the  Portland  cements,  is 
considerable  (at  least  seven  days,  if  a  reasonably  reliable  indication  is  to  be 
obtained),  and  as  work  is  usually  carried  on,  is  frequently  impracticable. 
For  this  reason  short  time  tests  are  allowable  in  cases  of  necessity,  though 
the  most  that  can  be  done  in  such  testing  is  to  determine  if  the  brand  of 
cement  is  of  its  average  quality.  It  is  believed,  however,  that  if  a  neat 
cement  stands  the  one-day  tensile  test,  and  the  tests  for  checking 
and  for  fineness,  its  safety  for* use  will  be  sufficiently  indicated  in  the 
case  of  a  brand  of  good  reputation;  for,  it  being  proved  to  be  of 
average  quality,  it  is  fair  to  suppose  that  its  subsequent  condition  will 
be  what  former  experiments,  to  which  it  owes  its  reputation,  indicate 
that  it  should  be.  It  cannot  be  said  that  a  new  and  untried  cement  will 
by  the  same  tests  be  proved  to  be  satisfactory  ;  only  a  series  of  tests  for 
a  considerable  period,  and  with  a  full  dose  of  sand,  will  show  the  full 
value  of  any  cement;  and  it  would  be  safer  to  use  a  trustworthy  brand 
without  applying  any  tests  whatever,  than  to  accept  a  new  article 
which  bad  been  tested  only  as  neat  cement  and  for  but  one  day. 

The  test  for  compressive  strength  is  a  very  valuable  one  in  point  of 

*Where  the  word  natural  is  used  in  this  connectinn.it  is  to  be  understood  as  being 
applied  to  the  lightly  burned  natural  American  or  foreign  cements,  in  contradistinction  to 
the  more  heavily  burned  Portland  cement,  either  natural  or  artificial. 
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tact,  but  the  appliances  for  crashing  are  usually  somewhat  cumbersome 
and  expensive,  so  much  so  that  it  seems  uudesirable  that  both  tests 
should  be  embodied  iu  a  uniform  method  proposed  for  general  adoption. 
Where  great  interests  are  at  stake,  however,  and  large  contracts  for 
cement  depend  on  the  decision  of  an  engineer  as  to  quality,  both  tests 
should  be  used  if  the  requisite  appliances  for  making  them  are  within 
reach.  After  the  tensile  strength  has  been  obtained,  the  ends  of  the 
broken  briquettes,  reduced  to  one-inch  cubes  by  grinding  and  rubbing, 
should  be  used  to  obtain  the  compressive  strength. 

The  adhesive  test  being  in  a  large  measure  variable  and  uncertain, 
and  therefore  untrustworthy,  is  not  recommended. 

Fineness. 

The  strength  of  a  cement  depends  greatly  upon  the  fineness  to  which 
it  is  ground,  especially  when  mixed  with  a  large  dose  of  sand.  It  is, 
therefore,  recommended  that  the  tests  be  made  with  cement  that  has 
passed  through  a  No.  100  sieve  (10  000  meshes  to  the  square  inch),  made 
of  No.  40  wire,  Stubbs'  wire  gauge.  The  results  thus  obtained 
will  indicate  the  grade  which  the  cement,  can  attain,  under  the 
condition  that  it  is  finely  ground,  but  it  does  not  show  whether  or  not  a 
given  cement  offered  for  sale  shall  be  accepted  and  used.  The  deter- 
mination of  this  question  requires  that  the  tests  should  also  be  applied 
to  the  cement  as  found  in  the  market.  Its  quality  may  be  so  high  that 
it  will  stand  the  tests  even  if  very  coarse  and  granular,  and,  on  the  other 
hand,  it  may  be  so  low  that  no  amount  of  pulverization  can  redeem  it. 
In  other  words,  fineness  is  no  sure  indication  of  the  value  of  a  cement, 
although  all  cements  are  improved  by  fine  grinding.  Cement  of  the 
better  grades  is  now  usually  ground  so  fine  that  only  from  5  to  10  per 
cent,  is  rejected  by  a  sieve  of  2  500  meshes  per  square  inch,  and  it  has 
been  made  so  fine  that  only  from  3  to  10  per  cent,  is  rejected  by  a  sieve 
of  32  000  meshes  per  square  inch.  The  finer  the  cement,  if  otherwise 
good,  the  larger  dose  of  sand  it  will  take,  and  the  greater  its  value. 

Checking  or  Cracking. 

The  test  for  checking  or  cracking  is  an  important  one,  and,  though 
simple  should  never  be  omitted.     It  is  as  follows: 

Make  two  cakes  of  neat  cement  2  or  3  inches  in  diameter,  about 
i  inch  thick,  with  thin  edges.     Note  the  time  in  minutes  that  these 
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cakes,  when  mixed  with  water  to  the  consistency  of  a  stiff  plastic 
mortar,  take  to  set  hard  enough  to  stand  the  wire  test  recommended  by 
Gen.  Gillmore,  nj-inck  diameter  wire  loaded  with  £  of  a  pound,  and  j-f- 
inch  loaded  with  1  pound.  One  of  these  cakes,  when  hard  enough, 
should  be  put  in  water  and  examined  from  day  to  day  to  see  if  it 
becomes  contorted,  or  if  cracks  show  themselves  at  the  edges,  such 
contortions  or  cracks  indicating  that  the  cement  is  unfit  for  use  at  that 
time.  In  some  cases  the  tendency  to  crack,  if  caused  by  the  presence 
of  too  much  unslacked  lime,  will  disappear  with  age.  The  remaining 
cake  should  be  kept  in  the  air  and  its  color  observed,  which  for  a  good 
cement  should  be  uniform  throughout,  yellowish  blotches  indicating 
a  poor  quality  ;  the  Portland  cements  being  of  a  bluish-gray,  and  the 
natural  cements  being  light  or  dark,  according  to  the  character  of  the 
rock  of  which  they  are  made.  The  color  of  the  cements  when  left  in  the 
air  indicates  the  quality  much  better  than  when  they  are  put  in  water. 

Tests  Recommended. 

It  is  recommended  that  tests  for  hydraulic  cement  be  confined  to 
methods  for  determining  fineness,  liability  to  checking  or  cracking,  and 
tensile  strength  ;  and  for  the  latter,  for  tests  of  7  days  and  upward,  that 
a  mixture  of  1  part  of  cement  to  1  part  of  sand  for  natural  cements,  and 
3  parts  of  sand  for  Portland  cements,  be  used,  in  addition  to  trials  of 
the  neat  cement.  The  quantities  used  in  the  mixture  should  be  deter- 
mined by  weight. 

The  tests  should  be  applied  to  the  cements  as  offered  for  sale.  If 
satisfactory  results  are  obtained  with  a  full  dose  of  sand,  the  trials  need 
go  no  further.  If  not,  the  coarser  particles  should  first  be  excluded  by 
using  a  No.  100  sieve,  in  order  to  determine  approximately  the  grade  the 
cement  would  take  if  ground  fine,  for  fineness  is  always  attainable, 
while  inherent  merit  may  not  be. 

Note. — Your  committee  thinks  it  useful  to  insert  here  a  table  showing 
the  average  minimum  and  maximum  tensile  strength  per  square  inch 
which  some  good  cements  have  attained  when  tested  under  the  conditions 
specified  elsewhere  in  this  report.  Within  the  limits  given  in  the  fol- 
lowing table, the  value  of  a  cement  varies  closely  with  the  tensile  strength 
when  tested  with  the  full  dose  of  sand. 

American  natural  cement,  neat : 

1  day,  1  hour  or  until  set  in  air,  the  rest  of  the  24  hours  in  water, 
from  40  pounds  to  80  pounds. 

1  week,  1  day  in  air,  6  days  in  water,  from  GO  pounds  to  100  pounds. 
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Mixing,  etc. 

The  proportions  of  cement,  sand  and  water  should  be  carefully  de- 
ti  mimed  by  weight,  the  sand  and  cement  mixed  dry,  and  all  the  water 
added  ;it  once.  The  mixing  must  be  rapid  and  thorough,  and  the 
mortar,  which  should  be  stiff  and  plastic,  should  be  firmly  pressed  into 
the  molds  with  the  trowel,  without  ramming,  and  struck  off  level  ; 
the  molds  in  each  instance,  while  being  charged  and  manipulated,  to 
be  laid  directly  on  glass,  slate  or  some  other  non-absorbent  material. 
The  molding  must  be  completed  before  incipient  setting  begins.  As 
soon  as  the  briquettes  are  hard  enough  to  bear  it,  they  should  be  taken 
from  the  molds  and  be  kept  covered  with  a  damp  cloth  until  they  are 
immersed.  For  the  sake  of  uniformity,  the  briquettes,  both  of  neat 
cement  and  those  containing  sand,  should  be  immersed  in  water  at  the 
end  of  24  hours,  except  in  the  case  of  one-day  tests. 

Ordinary,  fresh,  clean  water,  having  a  temperature  between  60  and  70 
degrees  F.,  should  be  used  for  the  water  of  mixture  and  immersion  of 
samples. 

1  month  (28  days),  1  day  in  air,  27  days  in  water,  from  100  pounds  to 
150  pounds. 

1  year,  1  day  in  air,  the  remainder  in  water,  from  300  pounds  to  400 
pounds. 

American  and  foreign  Portland  cements,  neat  : 

1  day,  1  hour,  or  until  set,  in  air,  the  rest  of  the  24  hours  in  water, 
from  100  pounds  to  140  pounds. 

1  week,  1  day  in  air,  6  days  in  water,  from  250  pounds  to  550  pounds. 

1  month  (28  days),  1  day  in  air,  27  days  in  water,  from  350  pounds  to 
700  pounds. 

1  year,  1  day  in  air,  the  remainder  in  water,  from  450  pounds  to  800 
pounds. 

American  natural  cement,  1  part  of  cement  to  1  part  of  sand  : 

1  week,  1  day  in  air,  6  days  in  water,  from  30  pounds  to  50  pounds. 

1  month  (28  days),  1  day  in  air,  27  days  in  water,  from  50  pounds  to 
80  pounds. 

1  year,  1  day  in  air,  the  remainder  in  water,  from  200  pounds  to  300 
pounds. 

American  and  foreign  Portland  cements,  1  part  of  cement  to  3  parts 
of  sand  : 

1  week,  1  day  in  air,  6  days  in  water,  from  80  pounds  to  125  pounds. 

1  month  (28  days),  1  day  in  air,  27  days  in  water,  from  100  pounds  to 
200  pounds. 

1  year,  1  day  in  air,  the  remainder  in  water,  from  200  pounds  to  350 
pounds. 

Standards  of  minimum  fineness  and  tensile  strength  for  Portland 
cement,  as  given  below,  have  been  adopted  in  some  foreign  countries. 

In  Germany,  by  Berlin  Society  of  Architects,  Society  of  Manufact- 
urers of  Bricks,  Lime  and  Cement,  Society  of  Contractors,  and  Society 
of  German  Cement  Makers. 
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The  proportion  of  water  required  varies  with  the  fineness,  age,  or 
other  conditions  of  the  cement,  and  the  temperature  of  the  air,  but  is 
approximately  as  follows  : 

For  briquettes  of  neat  cement:  Portland,  about  25  per  cent. ;  natural, 
about  30  per  cent. 

For  briquettes  of  1  part  cement,  1  part  sand:  about  15  per  cent,  of 
total  weight  of  sand  and  cement. 

For  briquettes  of  1  part  cement,  3  parts  sand:  about  12  per  cent,  of 
total  weight  of  sand  and  cement. 

The  object  is  to  produce  the  plasticity  of  rather  stiff  plasterer's 
mortar. 

An  average  of  5  briquettes  may  be  made  for  each  test,  only  those 
breaking  at  the  smallest  section  to  be  taken.  The  briquettes  should 
always  be  put  in  the  testing  machine  and  broken  immediately  after  being 


Standard 

of 

1877. 

Standard 

of 

1878. 


f  Fineness,  not  more  than  25  per  cent,  to  be  left  on  sieve 
|  of  5,806  meshes  per  square  inch. 

-j  Tensile  strength,  1  part  cement,  3  parts  sand,  1 
j  day  in  air,  27  days  in  water,  113.78  pounds  per  square 
|  inch. 

f  Fineness,  not  more  than  20  per  cent,  to  be  left  on  sieve, 
j  as  above. 

Tensile   strength,    same    mixture   and    time    as   above, 
[  142.23  pounds  per  square  inch. 
In  Austria,  by  Austrian  Association  of  Engineers  and  Architects. 
("      Fineness,  same  as  German  of  1878. 
Standard     |       Tensile  strength,  same  mixture  as  above,  7  days,  1  day 
of  -j  in  air,  6  days  in  water,  113.78  pounds  per  square  inch. 

1878.  28  days,  1  day  in  air,  27  days  in  water,  170.68  pounds 

[  per  square  inch. 
In  Austria  a  standard  for  the  minimum  fineness  and  tensile  strength 
of  Roman  cement  was  established  and  generally  accepted,  as  follows  : 
Fineness,  same  as  Portland. 

Tensile  strength    (1  part  of  cement,  3  parts  of  sand), 
for 

Quick  setting  cement  (taking  15  minutes  or  less  to  set): 
7  days,  1   day  in  air,  6  days  in  water,  23  pounds  per 
square  inch. 

28  days,  1  day  in  air,  27  days  in  water,  56.9  pounds  per 
square  inch. 
Slow  setting  cement  (taking  more  than  15  minutes  to  set) : 
7  days,  1  day  in  air,  6  days  in  water,  42.6  pounds  per 
square  inch. 

28  days,  1  day  in  air,  27  days  in  water,  85.3  pounds  per 
(_  square  inch. 

The   Roman   cements   correspond  to  those  classified  in  this  report 
under  the  head  of  natural  cements. 

Standards  have  been  adopted  also  in  Sweden  and  Russia. 


Standard 
of 

1878. 
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taken  out  of  the  water,  and  the  temperature  of  the  briquettes  and  of  the 
testing  room  should  be  constant  between  60  and  70  degrees  F. 

The  stress  should  be  applied  to  each  briquette  at  a  uniform  rate  of 
about  400  pounds  per  minute,  starting  each  time  at  0.  With  a  weak 
mixture  one-half  the  speed  is  recommended. 

Weight. 

The  relation  of  the  weight  of  cement  to  its  tensile  strength  is  an  un- 
certain one.  In  practical  work,  if  used  alone,  it  is  of  little  value  as  a 
test,  while  in  connection  with  the  other  tests  recommended  it  is  unnec- 
essary, except  when  the  relative  bulk  of  equal  weights  of  cement  is 
desired. 

We  recommend  that  the  cubic  foot  be  substituted  for  the  bushel  as 
the  standard  unit,  whenever  it  is  thought  best  to  use  this  test. 

Setting. 

The  rapidity  with  which  a  cement  sets  or  loses  its  plasticity  fur- 
nishes uo  indication  of  its  ultimate  strength.  It  simply  shows  its  initial 
hydraulic  activity. 

For  purposes  of  nomenclature,  the  various  cements  may  be  divided 
arbitrarily  into  two  classes,  namely:  quick-setting,  or  those  that  set  in 
less  than  half  an  hour;  and  slow  setting,  or  those  requiring  half  an 
hour  or  more  to  set.  The  cement  must  be  adapted  to  the  work  re- 
quired, as  no  one  cement  is  equally  good  for  all  purposes.  In  submarine 
work  a  quick-setting  cement  is  often  imperatively  demanded,  and  no 
other  will  answer,  while  for  work  above  the  water-line  less  hydraulic 
activity  will  usually  be  preferred.  Each  individual  case  demands  sjiecial 
treatment.  The  slow-setting  natural  cements  should  not  become  warm 
while  setting,  but  the  quick-setting  ones  may,  to  a  moderate  extent, 
within  the  degree  producing  cracks.  Cracks  in  Portland  cement  indicate 
too  much  carbonate  of  lime,  ami  in  the  Vicat  cements  too  much  lime  in 

the  original  mixture. 

Sampling. 

There  is  no  uniformity  of  practice  among  engineers  as  to  the  sampling 
of  the  cement  to  be  tested,  some  testing  every  tenth  barrel,  others  every 
fifth,  and  others  still  every  barrel  delivered.  Usually,  where  cement  has 
a  good  reputation,  and  is  used  in  large  masses,  such  as  concrete,  in  heavy 
foundations,  or  in  the  backing  or  hearting  of  thick  walls,  the  testing  of 
every  fifth  barrel  seems  to  be  sufficient ;  but  in  very  important  work, 
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where  the  strength  of  each  barrel  may  in  a  great  measure  determine 
the  strength  of  that  portion  of  the  work  where  it  is  used,  or  in  the  thin 
walls  of  sewers,  etc.,  etc.,  every  barrel  should  be  tested,  one  briquette 
being  made  from  it. 

In  selecting  cement  for  experimental  purposes,  take  the  samples 
from  the  interior  of  the  original  packages,  at  sufficient  depth  to  insure  a 
fair  exponent  of  the  quality,  and  store  the  same  in  tightly-closed  recep- 
tacles impervious  to  light  or  dampness  until  required  for  manipulation, 
when  each  sample  of  cement  should  be  so  thoroughly  mixed,  by  sifting 
or  otherwise,  that  it  shall  be  uniform  in  character  throughout  its  mass. 

Sieves. 

For  ascertaining  the  fineness  of  cement  it  will  be  convenient  to  use 
three  sieves,  viz.  : 

No.  50  (2  500  meshes  to  the  square  inch),  wire  to  be  of  No.  35  Stubbs' 
wire  gauge. 

No.  74  (5  476  meshes  to  the  square  inch),  wire  to  be  of  No.  37  Stubbs' 
wire  gauge. 

No.  100  (10  000  meshes  to  the  square  inch),  wire  to  be  of  No.  40 
Stubbs'  wire  gauge. 

The  object  is  to  determine  by  weight  the  percentage  of  each  sample 
that  is  rejected  by  these  sieves,  with  a  view  not  only  of  furnishing  the 
means  of  comparison  between  tests  made  of  different  cements  by  different 
observers,  but  indicating  to  the  manufacturer  the  capacity  of  his  cement 
for  improvement  in  a  direction  always  and  easily  within  his  reach.  As 
already  suggested  in  another  connection,  the  tests  for  tensile  strength 
should  be  applied  to  the  cement  as  offered  in  the  market,  as  well  as  to 
that  portion  of  it  which  passes  the  No.  100  sieve. 

For  sand,  two  sieves  are  recommended,  viz.  : 

No.  20  (400  meshes  to  the  square  inch),  wire  to  be  of  No.  28  Stubbs' 
wire  gauge. 

No.  30  (900  meshes  to  the  square  inch),  wire  to  be  of  No.  31  Stubbs' 
wire  gauge. 

These  sieves  can  be  furnished  in  sets  as  follows,  an  arrangement  hav- 
ing been  made  with  a  manufacturer*  of  such  articles,  by  which  he  agrees 
to  furnish  them  of  the  best  quality  of  brass  wire  cloth,  set  in  metal 

♦Williams'  Globe  Wire  Works,  85  Fulton  street,  New  York  City. 
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frames,  the  cloth' to  be  as  true  to  count  as  it  is  possible  to  make  it,  and 
the  wire  to  be  of  the  required  gauge.  Each  set  will  be  inclosed  in  a  box, 
the  sieves  being  nested. 

Set  A,  three  cement  sieves,  to  cost  $4.80. 

No.  100 7  inches  diameter. 

No.     74 (H 

No.    50 6 

Set  B,  two  sand  sieves,  to  cost  §4. 00. 

No.    30 8  inches  diameter. 

No.    20 7i 

Stajsdakd  Sand. 

The  question  of  a  standard  sand  seems  one  of  great  importance,  for 
it  has  been  found  that  sands  looking  alike  and  sifted  through  the  same 
sieves,  give  results  varying  within  rather  wide  limits. 

The  material  that  seems  likely  to  give  the  best  results  is  the  crushed 
quartz  used  in  the  manufacture  of  sand  paper.  It  is  a  commercial  pro- 
duct, made  in  large  quantities  and  of  standard  grades,  and  can  be  fur- 
nished of  a  fairly  uniform  quality.  It  is  clean  and  sharp,  and  although 
the  present  price  is  somewhat  excessive  (3  cents  per  pound),  it  is  be- 
lieved that  it  can  be  furnished  in  quantity  for  about  $5.00  per  barrel  of 
300  ])ounds.  As  it  would  be  used  for  tests  only,  for  purposes  of  com- 
parison with  the  local  sands,  and  with  tests  of  different  cements,  not 
much  of  it  would  be  required.  The  price  of  the  German  standard  sand 
is  about  $1.25  per  112  pounds,  but  the  article  being  washed  river  sand 
is  probably  inferior  to  crushed  quartz.  Crushed  granite  could  be  fur- 
nished at  a  somewhat  less  rate  than  quartz,  and  crushed  trap  for  about 
the  same  as  granite,  but  no  satisfactory  estimate  has  been  obtained  for 
either  of  these. 

The  use  of  crushed  quartz  is  recommended  by  your  Committee,  the 
degree  of  fineness  to  be  such  that  it  wdl  all  pass  a  No.  20  sieve  and  be 
caught  on  a  No.  30  sieve .  Of  the  regular  grade,  from  15  to  37  per  cent, 
of  crushed  quartz,  No.  3  passes  a  No.  30  sieve,  and  none  of  it  passes  a 
No.  50  sieve.  As  at  present  furnished,  it  would  need  resifting  to  bring 
it  to  the  standard  size,  but  if  there  were  sufficient  demand  to  warrant  it, 
it  could  undoubtedly  be  furnished  of  the  size  of  grain  required  at  little, 
if  any,  extra  expense. 
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A  bed  of  uniform,  clean  sand  of  the  proper  size  of  grain  has  not  been 
found,  and  it  is  believed  that  to  wash,  dry  and  sift  any  of  the  available 
sands  would  so  greatly  increase  its  cost,  that  the  product  would  not  be 
much  cheaper  than  the  crushed  quartz,  and  would  be  much  inferior  to 
it  in  sharpness  andjuniform  hardness  of  particles. 

Molds. 

The  molds  furnished  are  usually  of  iron  or  brass,  the  price  of  the 
former  being  $2,  and  of  the  latter  $3  each.  Wooden  molds,  if  well 
oiled  to  prevent  their  absorbing  water,  answer  a  good  purpose  for  tem- 
porary use,  but  speedily  become  unfit  for  accurate  work.  A  cheap,  dur- 
able, accurate  and  non-corrodible  mold  is  much  to  be  desired,  but  is 
not  yet  tipon  the  market.  Plates  Nos.  XLIV  and  XLV  show  the  form  of 
briquette  and  of  metal  mold  recommended.  It  may  be  added  that  your 
Committee  are  not  in  entire  accord  with  respect  to  the  merits  of  this 
form  of  briquette,  its  principal  defect  being  that  the  rupture  must 
take  place  at  the  neck  or  smallest  section,  whether  the  strain  be  one 
of  extension  only  or  otherwise.  With  a  briquette  of  such  form  that 
oblique  strains  would  usually  produce  rupture  in  oblique  directions, 
the  trials  taking  this  character  would  be  rejected,  and  the  accuracy  of 
the  results  correspondingly  increased  thereby. 

Clips. 

In  using  the  clips  recommended  in  the  preliminary  report,  it  was 
found  in  some  instances  that  the  specimens  were  broken  at  one  of  the 
points  where  they  were  held.  This  was  undoubtedly  caused  by  the 
insufficient  surface  of  the  clip,  which,  forming  a  blunt  point,  forced  out 
the  material.  Where  the  specimens  were  sufficiently  soft  to  allow  this 
point  to  be  imbedded,  they  broke  at  the  smallest  section,  but  when  hard 
enough  to  resist  such  imbedding  they  showed  a  wedge-shaped  fracture  at 
the  clips.  To  remedy  this  the  point  should  be  slightly  flattened  so  as 
to  allow  of  more  metal  surface  in  contact  with  the  briquette.  Clips 
made  in  this  way  have  been  used,  and  good  results  obtained. 

To  adapt  the  one -inch  clips  of  the  Eiehle  machine  only  a  slight 
amount  of  work  is  necessary;  the  ends  being  rounded,  as  shown  in  Plate 
No.  XL VI,  will  admit  the  proposed  new  form  of  briquette,  and  yet 
not  prevent  the  use  of  the  old  one,  thus  allowing  comparative  tests  of 
the  two  forms  to  be  made  without  changing  the  clips. 

There  should  be  a  strengthening  rib  upon  the  outside  of  the  clips,  as 
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shown  in  Plate  No.  XL VI,  to  prevent  them  from  bending  or  breaking 
when  the  specimens  are  very  strong. 

The  clips  should  be  hung  on  pivots,  so  as  to  avoid,  as  much  as  pos- 
sible, cross  strain  upon  the  briquettes. 

Machines. 

No  special  machine  has  been  recommended,  as  those  in  common  use 
are  of  good  form  for  accurate  work,  if  properly  used,  though  in  some 
cases  they  are  needlessly  strong  and  expensive.  Machines  with  spring 
balances  are  to  be  avoided,  as  more  liable  to  error  than  others. 

It  is  by  no  means  certain  that  there  exists  any  great  difference  in 
well-made  machines  of  the  standard  forms  given. 

The  experiments  of  the  Committee  do  not  seem  to  justify  an  expres- 
sion of  preference  for  any  one  machine.  Plates  Nos.  XLVII  and 
XLYIII  show  three  American  machines,  with  the  prices  obtained  from 
the  manufacturers. 

Amount  of  Material. 

The  amount  of  material  needed  for  making  five  briquettes  of  the 
standard  size  recommended  is,  for  the  neat  cements,  about  one  and  two- 
thirds  pounds,  and  for  those  with  sand,  in  the  proportion  of  three  parts 
of  sand  to  one  of  cement,  about  one  and  one-quarter  pounds  of  sand 
and  six  and  two-thirds  ounces  of  cement. 
All  of  which  is  respectfully  submitted. 

Q.   A.   GlLLMORE, 

Chairman. 

D.  J.  Whittejiore. 

J.  Herbert  Shedd. 

Eliot  C.  Clarke. 

Alfred  Noble. 

F.  O.  Norton. 

W.  W.  Maclay. 

Leonard  F.  Beckwith. 

Thos.  C.  McCollom. 


PLATE    XLIV. 

TRANS.  AM.  SOC.  CIV.  ENC'RS. 

VOL.  XIV.     No.  315. 

REPORT    ON    A    UNIFORM    SYSTEM 

FOR  TESTS  OF   CEMENT. 


Details  for  Briquette. 


PLATE   XLV. 

TRANS.  AM.  SOC.  CIV.  ENC'RS. 

VOL.  XIV.     No.  315. 

REPORT  ON    A   UNIFORM   SYSTEM 

FOR  TESTS  OF  CEMENT. 


Standard  Form  fob  Mold. 


PLATE    XLVI. 

TRANS.  AM.  SOC.  CIV.  ENC'RS. 

VOL.  XIV.     No.  315. 

REPORT  ON  A  UNIFORM  SYSTEM 

FOR  TESTS    OF  CEMENT. 


**?-- 


SECTION     THROUGH  a  -  5 
Standakd  Fokm  foe  Bkiquette  and  Clips. 


PLATE   XLVII. 

TRANS.  AM.  SOC.  CIV.  ENC'RS. 

VOL.  XIV.     No.  315. 

REPORT  ON    A   UNIFORM    SYSTEM 

FOR  TESTS  OF   CEMENT. 


Fairbanks'  Automatic  Cement  Testing  Machine. 

Capacity,  1  000  lbs.    Size,  22  x  9  inches. 

Price,  S100. 


PLATE   XLVIII. 

TRANS.  AM.  SOC.  CIV.  ENC'RS. 

VOL.  XIV.     No.  315. 

REPORT  ON    A    UNIFORM    SYSTEM 

FOR  TESTS  OF   CEMENT. 


S Ft  Sin 


Eiehle  Bros.'  Standard  Cement  Testing  Machine. 
Capacity,  1  000  lbs.      Price,  -9175. 


H.S£6*L 


Cement  Testing  Machine.     Tinitts  Oesen  &  Co. 

Capacity,  1  000  lb?.,  price $105  00 

2  000     "       "      125  00 
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BEHAVIOR  OF  CEMENT-MORTARS  UNDER  VARI- 
OUS CONTINGENCIES  OF  USE.  WITH  A  BRIEF 
DISCUSSION  OF  CERTAIN  TESTS,  ETC. 


By  F.  Collingwooix   M.  Am.  Soc.  C.  E. 
Bead  November  4th,  1885.* 


The  careful  and  conscientious  work  that  has  been  done  by  the  many 
experimenters  with  cements,  has  developed  very  clearly  the  principal 
characteristics  of  cements, -and  what  may  in  general  be  expected  from 
them  in  use.  The  labors  of  the  Committee  od  Tests  have  resulted  in  a 
few  simple  rules,  which  ought  to  make  the  results  from  different  inves- 
tigators fairly  comparable.  At  the  last  annual  meeting  the  writer  called 
attention  to  one  point,  however,  on  which  there  seems  to  be  room  for  still 

*Tnis  article  was  originally  prepared  for  the  last  Annual  Convention  as  a  discussion  on 
the  paper  by  Mr.  Eliot  C.  Clarke,  M.  Am.  Soc.  < '  E  ,  and  of  the  Report  on  Cement  Tests;  but 
not  having  been  reached  at  that  time,  it  i>  read  now  for  the  purpose  of  calling  attention  to 
the  necessity  for  further  investigation. 
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further  experiment  and  observation,  viz.,  the  changes  in  dimension  of 
eement-mortars  and  concretes  under  the  various  contingencies  of  use. 

Data  of  this  kind  should  cover — 

First. — Behavior  while  setting,  cither  as  to  expansion  or  contraction, 
with  accurate  measurements  of  the  amount  of  change. 

(a)  Under  no  load  but  its  own  weight. 

(b)  Under  increasing  loads. 

(c)  Whether  dependent  upon  the  amount  of  water  used. 
Second. — Compression  at  various  ages  under  increasing  loads,  up  to 

destruction,  at  successive  periods. 

(a)  Just  following  setting. 

(b)  After  one  day. 

(c)  After  one  week. 

(d)  After  one  month. 

(e)  After  longer  periods  of  time. 

Third. — The  same  observations,  with  various  mixtures  of  sand. 

Fourth. — The  same  for  concretes. 

Possibly,  careful  tests  with  one  cement  may  show  that,  after  a  limited 
time,  the  change  within  the  elastic  limit  is  inappreciable,  and  subse- 
quent examinations  may  take  a  narrower  range. 

Fifth. — It  is  desirable  to  extend  the  examinations  to  lime-mortars,  as 
well  as  cements. 

Sixth. — To  make  the  results  available,  and  also  to  aid  in  obtaining 
them,  examinations  of  the  same  kind  should  be  made  on  bricks,  stones, 
-and  other  building  material. 

Seventh.— Much  valuable  data  may  be  gathered  by  observing  meas- 
ured compressions  in  walls  of  buildings,  or  other  masses  of  masonry,  the 
measurements  being  taken  over  well-defined  points  at  different  stages 
of  construction,  and  noting  carefully  the  quality  and  kind  of  work,  of 
mortar,  etc.     Temperature  observations  are  also  desirable. 

Eighth. — This  brings  up  another  point,  on  which  it  is  very  desirable 
that  the  experience  of  members  be  recorded,  viz.,  the  setting  of  mortars 
in  frosty  weather,  and  the  best  methods  to  pursue  when  their  use  is  im- 
perative at  such  times. 

Ninth. — A  general  study  of  methods  of  experimental  observation 
would  indicate  chiefly  two:  Either  the  building  of  a  solid  column  of  ma- 
sonry and  loading  it,  or  direct  experiment  on  solid  prisms,  i^eferably 
cylinders  of  cement-mortar  or  concrete.     As  to  the  first,  a  brick  pier  10 
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Fret  in  height  by  about  12  inches  square  may  be  built,  placing  a  simple 
framework  about  it  to  secure  access  for  Loading,  and  to  guard  the  exper- 
imenter from  accident. 

The  compression  can  be  measured  by  a  vernier  attachment,  or  by  a 
simple  apparatus  allowing  the  insertion  of  a  graduated  wedge.  Read- 
ings to  ,u'u„  of  an  inch  ought  to  be  obtained  without  serious  difficulty. 

If  testing  machines  of  sufficient  capacity  are  at  command,  solid 
prisms  2  feet  long  by  4  inches  square  may' lie  tested.  Since  a  brick 
Avail  12  feet  high  will  contain  about  GO  joints,  which  at  g  inch  each  will 
amount  to  22£  inches  of  joint:  and  astone  wall  45  feet  high,  with  12-inch 
courses  and  J-inch  joints,  will  contain  the  same  amount — the  2-feet  long 
cylinder  will  fairly  represent  such  a  wall,  allowance  being  made  for  the 
compression  of  the  brick  or  stone. 

The  desirability  of  such  observations  will  be  seen  whenever  one  is 
called  upon  to  add  new  masonry  to  old;  when  concrete  is  to  be  used  in 
conjunction  with  other  masonry  or  other  material;  when  laying  out,  in 
advance,  the  courses  of  masonry  for  a  very  high  tower;  or  when  calcu- 
lating the  behavior  of  an  arch  of  considerable  dimensions  on  withdrawal 
of  the  centering. 

Defects  due  to  a  lack  of  such  knowledge  arc  not  always  patent,  for 
the  reason  that  the  less  compressible  part  of  the  masonry  is  strong 
enough  to  bear  the  whole  weight  coming  upon  it;  but  they  are  not  in- 
frequently shown  by  spalled  edges,  cracks,  and  other  defacements,  when 
qo  serious  results  follow.  These  suggestions  are  thrown  out  for  the 
purpose  of  eliciting  comment,  and  awaking  interest  in  a  further  study 
i  f  cements. 

In  reference  to  changes  in  dimension  of  cement-mortars  during 
setting,  Mr.  Clarke,  in  his  valuable  paper  recently  published,*  shows 
[uite  (dearly  that  there  is  an  expansion.  On  the  contrary,  our  Past 
President.  Mr.  Whittemore,  in  a  recent  letter  to  me.  states  his  experi- 
ence with  a  cylinder  filled  50  feet  with  concrete.  The  latter  contracted 
two  inches  without  any  superposed  weight. 

Experiments  on  cements  at  the  East  River  Bridge  (see  Transactions 

for  September,  1878),  show    a  depression  in  strength  'of  briquettes  at  the 

end  of  seven  days.     The  query  then  would  be:    Is  there  a  preliminary 

expansion  due  to  crystallization,  and  a  subsequent  contraction,  or  has 

the  amount  of  water  used  something  to  do  with  it? 

*  Record  of  Tests  of  Cement  marie  lor  I'.ostou  Alain  Drainage  Works,  1678-84,  by  Eliot  C. 
I  llarke,  M.  Am.  Soc.  C.  E.     Transactions,  No.  30U,  Vol.  XIV,  April,  1885,  page  141. 
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There  is  a  difference  between  the  Committee  of  the  Society  on 
Cement  Tests  and  Mr.  Clarke  as  to  the  method  of  preparing  the  briq- 
uette. Mr.  Clarke  distinctly  speaks  of  ramming  the  cement  into  the 
mold,  while  the  report  as  positively  says  it  should  be  sufficiently 
plastic  to  be  pressed  in  without  ramming.  As  cement-mortar  must 
always  be  plastic  when  used  practically,  the  committee  would  seem  to 
be  right  in  their  recommendation. 

The  old  idea  seemed  to  be  that  the  test  must  be  so  made  as  to  give 
the  highest  attainable  strength  in  a  limited  time;  but  it  would  seem 
unquestionable  that  the  most  uniform  results  will  be  obtained  by  using 
just  enough  water  to  obtain  a  plastic  mass,  and  thus  eliminate  the 
"personal  equation"  as  to  the  strength  of  ramming. 

Mr.  Clarke  omits  to  mention  the  size  of  the  wires  in  the  meshes,  but 
adds  one  element  which  ought  to  be  incorporated  in  the  report  of  the 
committee,  viz  ,  that  it  is  desirable  to  verify  the  number  of  wires  per 
inch  in  each  sieve  used.  A  variation,  mentioned  by  him,  of  10  to  20 
per  cent,  less  in  the  number,  is  equivalent  to  a  variation  in  the  number 
of  meshes  of  about  25  to  50  per  cent.,  if  reckoned  on  the  smaller 
number. 

Other  points  in  Mr.  Clarke's  paper  may  be  noted  as  follows:  If  we 
compare  the  figures  in  the  table  of  tests  of  Rosendale  cement-mortars 
on  page  151,  we  find  the  growth  in  strength  of  the  ordinary  mixture  of 
1  cement  to  2  sand  to  be  as  follows:  Calling  the  strength  at  the  end  of 
a  week,  unity,  that  at  the  end  of  a  month  is  3£ ;  at  the  end  of  six 
months,  7;  and  after  two  years,  8f.  In  other  words,  about  one-ninth  of 
the  strength  is  developed  in  a  week;  a  little  over  a  third  in  one  month; 
and  three-fourths  in  six  months. 

His  conclusion,  on  page  155,  that  salt  water,  either  for  immersion  or 
mixing,  has  no  important  effect,  would  seem  to  require  modification  for 
the  case  of  Portland  cement  mixed  1  to  2  with  fresh  water  and  immersed 
in  salt  water.  The  strengths  given  are  but  70  to  90  per  cent,  of  those 
immersed  in  fresh  water. 

A  friend  recently  informed  the  writer  that  a  certain  natural  cement, 
which  gave  excellent  results  when  mixed  with  fresh  water,  was  inferior 
to  others  when  mixed  with  salt  water.  Details  of  the  test  are  wanting; 
but  if  the  statement  is  correct,  it  shows  that  such  tests  should  be  made 
"where  salt  water  is  to  be  used  with  an  untried  cement. 

It  is  satisfactory  to  learn  from  the  curves  on  Plate  IV  that  even  stiff 
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grout  from  Rosendale  cement  reaches  a  strength  after  six  months  within 
about  17  per  emit,  of  cement  mixed  very  stiff.  This  is  not  intended, 
however,  as  an  argument  for  the  use  of  grout  (which  should  be  restricted 
to  cases  where  nothing  else  can  be  used).  The  difference  is  much 
greater  where  Portland  cement  is  used. 

The  experiments  in  Tables  17  and  18  suggest  questions  as  to  the  kind 
ot  clay,  and  as  to  whether  there  was  any  chemical  action  between  it  and 
the  cement.     They  are  certainly  contrary  to  most  experience. 

As  to  retempered  mortar,  it  certainly  has  a  greater  tendency  to  crack 
than  that  freshly  mixed,  and  does  not  do  well  for  pointing.  Further 
experiments  are  desirable. 

Referring  again  to  the  question  of  change  of  dimension  in  setting. 
there  is  no  doubt  that  some  of  the  cases  of  warping  of  walls  are  due  to 
placing  the  weight  of  floors  on  .walls  too  soon.  A  side  wall  of  a  five- 
storv  building,  which  was  honestly  built  in  brick  with  good  cement- 
mortar,  came  under  the  writer's  observation.  Tt  was  drawn  inwards  in 
this  manner  so  as  to  be  decidedly  concave — the  versed  sine  of  the  curve 
being  several  inches.  The  floors  were  heavily  loaded,  and  were  sup- 
ported on  the  walls  as  soon  as  the  masonry  was  high  enough  for  the 
purpose. 

In  these  days  of  rapid  building,  the  questions  here  raised  may  often 
be  of  great  importance,  if  we  are  to  be  assured  that  our  work  shall  be 
free  from  cracks  and  unequal  settlements. 

The  matter  of  changes  in  dimensions  of  masonry  by  change  of  tem- 
perature, has  been  accurately  experimented  upon  by  M.  Bouniceau,  and 
from  the  A/males  des  Ponls  et  Chaussees  for  1863,  the  following  summary 
of  results  has  been  taken  as  a  matter  of  interest  in  this  connection. 

The  methods  pursued  were  very  exact,  and  tests  were  made  on  ten 
different  substances  and  mixtures. 

The  coefficients  of  dilation  obtained  were  as  follows;  they  are  the 
percentage  of  expansion  for  one  degree  Centigrade,  carried  to  the  ten- 
millionth  place  of  decimals: 

No.  1.    Portland  cement,  pure,  properly  gauged  and  having 

set  under  water 0.000  010  7 

No.  2.  Portland  cement-mortar  containing  1  volume  cement 
and  2  volumes  silicious  sand,  as  ordinarily  used 
in  hydraulic  work 0.000  011  S 
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No.  3.  Brick  masonry,  of  sandy  bricks  from  Havre  or  D'Hon- 
fleur,  and   of   mortar  No.  2,   the   bricks   being 

placed  edgewise 0.000  008  9 

No.  4.   The  same  as  last,  with  bricks  placed  lengthwise. . .  .  0.000  004  6 
No.  5.  Beton,  composed  of  the  same  mortar,  No.  2,  and  of 
round  silicious  pebbles  (the  proportion  of  peb- 
bles not  given) 0.000  014  3 

No.  6.  Dressed  limestone  from  Banville 0.000  007  5 

No.  7.         "  "  "      Maladrerie 0.000  008  9 

No.  8.         ■•        granite         "      Dielette 0.000  007  9 

No.  9.         "        marble 0.000  005  4 

No.  10.   Cast  plaster  of  Paris 0.000  016  6 

"  These  coefficients,  which  seem  infinitely  small,  produce,  however, 
very  apparent  effects  (although  not  always  hurtful)  to  work  of  large 
dimensions. 

"Suppose  a  monolithic  wall  1000  meters  long,  in  beton,  between 
abutments  supposed  immovable,  to  undergo  a  change  of  temperature 
from  -f  20°  Cent,  to  —  10-  Cent.  This  change  of  30°  will  cause  a 
diminution  of  40  centimeters  in  length.  If  the  fissures  caused  by  this 
change  be  filled  with  hard  cement,  or  if,  according  to  observations  by 
Mr.  Herve  Mangon,  they  become  filled,  after  a  time,  with  detritus,  the 
wall,  when  forced  on  the  return  of  warm  weather  to  lengthen  itself  40 
centimeters,  will  be  bent  14  to  15  meters  from  a  straight  line.  These 
things  do  not  come,  to  pass  because  the  walls  are  not  monolithic,  and  are 
composed  of  a  considerable  quantity  of  small  sedimentary  materials  joined 
together  imperfectly  by  cement.  It  is  not  rare,  however,  to  see  long- 
closed  walls  (as  of  reservoirs)  bulging  outward,  and  sometimes  falling 
without  known  cause. 

"It  is,  therefore,  well  to  leave  in  the  lengths  of  Avails  between  rigid 
abutments,  or  of  quays  in  the  open  air,  like  those  of  Paris,  sjjaces  of 
some  centimeters  or  millimeters  at  certain  distances. 

"Mr.  Mary,  Inspector-General  of  Roads  and  Bridges,  has  informed 
us  of  a  reservoir,  which,  having  been  constructed  in  fine  weather,  be- 
came in  the  winter  fissured  by  contraction  and  lost  its  water,  but  be- 
came tight  again  on  the  return  of  spring. 

"  Passing  to  the  general  discussion  of  the  experiments,  Ave  go  on  to 
notice  that  the  expansion  of  beton  masonry  is  much  greater  than  that  of 


COLI. INi. WOOD    OX    CEMENT-MORTARS.  497 

brick  masonry,  being  one  and  one-half  times  that  of  bricks  on  edge, 
and  three  times  thai  of  bricks  lengthwise,  showing  clearly  that  the  mor- 
tar in  the  brick  masonry  expands  more  than  the  brick  itself.  The  ratio 
can  be  established  by  comparing  the  relative  lengths  of  brick  and  of 
mortar. 

"  Plaster  of  Paris  expands  most  of  all. 

"The  expansion  of  marble  is  very  small,  and  this  may  be  the  explan- 
ation of  the  preservation  of  surfaces  of  this  material." 

As  bearing  upon  the  subject  of  compression,  the  Secretary  has 
handed  the  writer  a  short  paper,  furnished  by  the  architect.  Mr.  Geo. 
B.  Post,  respecting  the  Produce  Exchange  building,  in  which  Mr.  Post 
says:  "The  tower,  which  is  240  feet  high  from  the  foundation,  has  its 
southerly  wall,  for  a  height  of  120  feet,  carried  by  iron  columns,  while 
the  remaining  walls  are  built  of  masonry.  It  was  built  with  great  care, 
and  I  have  as  yet  been  unable  to  find  any  crack  at  the  point  where  the 
rigid  iron  construction  connects  with  the  brick-work.  About  a  year  ago 
I  was  led  to  the  conclusion  that  there  was  a  very  important  element  of 
weakness  in  many  of  our  buildings  which  was  not  at  all  considered,  viz., 
in  the  shrinkage  of  cement-mortars.  I  found  in  my  practice  that  where 
iron  mullions  were  built  between  brick  jambs,  the  jambs  decreased  in 
length  to  such  an  extent  that  it  was  very  appreciable,  and  very  fre- 
quently cracked  the  stone  lintels  above  them. 

"I  have  since  made  some  experiments,  and  find  that  in  a  distance 
of  9  feet  G  inches,  with  a  load  of  62  pounds  to  the  square  inch  on  the 
brick-work,  the  diminution  of  length  in  piers  was  from  $  of  an  inch 
to  i  an  inch.  The  experiments  were  made  by  building  steel  blocks 
into  the  walls  of  the  Cotton  Exchange,  which  I  am  now  constructing, 
and  measuring  the  distance  between  them  with  a  steel  tape,  at  a  tem- 
perature of  52  degrees.  Within  the  last  few  weeks  the  measures 
were  again  taken  with  the  same  tape,  and  at  the  same  temperature. 
In  the  Produce  Exchange  building  I  have  avoided  the  evil  conse- 
quences of  shrinkage  of  the  walls  by  the  expedient  of  making  slip  joints 
in  all  vertical  iron-work  used  in  the  windows  of  the  outside  of  the 
building,  so  that  if  shrinkage  takes  place,  or  compression,  no  weight 
can  possibly  be  thrown  on  the  niullion,  and  cracks  must  be  impossible." 

In  closing,  it  may  be  of  interest  to  Members  using  Portland  cement, 
to  add  that  the  latest  specifications  by  the  Metropolitan  Board  of  Works, 
London,  require  90  per  cent.,  to  pass  a  sieve  of  5  800  meshes  per  square 
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inch,  and  a  stock  equal  to  5  weeks'  consumption  of  tested  cement  to  be 
kept  in  store.  The  test  of  it  is  that  it  shall  have  a  breaking  tensile 
strength  of  200  pounds  per  square  inch  when  set  24  hours  in  air  and  27 
days  in  water,  when  mixed  in  the  proportion  of  1  part  cement  to  3  parts 
sample  sand  which  has  passed  a  sieve  of  400  meshes  and  been  retained 
on  one  of  900  meshes  per  square  inch.  About  10  per  cent,  of  water  to 
be  used  in  mixing. 
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THE  CANTILEVER  BRIDGE  AT  NIAGARA   FALLS. 


By  Charles  C.  Schneider,  M.  Am.  Hoc.  C.  E. 
Bead  March  4th,  1885. 


WITH    DISCUSSION. 


The  interest  which  has  been  taken  by  the  profession  in  the  construc- 
tion of  the  Niagara  Cantilever  Bridge  has  led  the  writer  to  prepare  this 
paper,  in  which  he  has  endeavored  to  give  a  faithful  account  of  the  con- 
struction, and  a  full  description  of  the  work  in  all  its  details,  and  which 
is  most  respectfully  submitted  to  the  Members  of  this  Society. 

Preliminary  Narrative. 

On  October  13th,  1882,  the  writer  received  a  letter  from  the  Central 
Bridge  Works,  of  Buffalo,  N.  Y.,  requesting  him  to  make  a  preliminary 
estimate  for  a  double-track  railroad  bridge  of  900  feet  clear  span,  ba- 
the purpose  of  ascertaining  the  probable  cost  of  bridging  the  Niagara 
Biver  below  the  Falls,  near  the  Bailroad  Suspension  Bridge,  intimating 
that  a  braced  arch  reaching  from  cliff  to  cliff  might  be  the  proper  design 
for  the  proposed  structure. 
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Not  being  in  possession  of  a  profile  of  the  bridge  site,  the  writer 
was  unable  to  decide  upon  a  plan;  but,  from  the  nature  of  the  stream, 
concluded  that  a  structure  in  that  locality  should  be  so  designed  that 
the  river  span  would  be  self-sustaining  during  erection.  Having  only  a 
slight  recollection  of  the  formation  of  the  gorge,  he  thought  that  a  hinged 
arch,  to  be  erected  on  the  cantilever  principle,  would  be  the  proper 
design,  and  made  a  rough  sketch  of  one  of  600  feet  clear  span,  assuming 
a  profile,  but  requesting  that  an  approximate  profile  should  be  made  to 
assist  in  deciding  on  a  feasible  plan  by  which  the  chasm  could  be  spanned 
without  the  use  of  false  works  for  the  river  span. 

The  writer  having  previously,  in  the  spring  of  1882,  designed  the 
Fraser  River  Bridge  for  the  Canadian  Pacific  Railway  (see  Plate  XLIX), 
where  similar  conditions  existed,  then  had  occasion  to  investigate  that 
class  of  structures  which  are  best  adapted  for  bridging  streams  the  nature 
of  which  precludes  the  use  of  false  works  for  erection,  and  to  make 
himself  thoroughly  familiar  with  the  subject. 

According  to  the  writer's  request,  the  Central  Bridge  "Works  had  an 
approximate  profile  made  of  the  site  of  the  proposed  bridge,  which  was 
received  by  him  on  October  23d.  After  careful  consideration,  the 
writer  decided  that  the  cantilever  plan  would  be  the  most  feasible  and 
economical  for  this  particular  location,  sketched  out  a  skeleton  design, 
and  made  an  approximate  estimate  for  the  same,  which  he  submitted  to 
the  Central  Bridge  Works,  with  the  recommendation  that  steel  be  used 
for  the  entire  structure,  with  the  exception  of  the  floor  beams  and 
stringers,  which  should  be  made  of  wrought  iron.  An  exact  fac-simile 
of  this  first  plan  is  shown  in  Plate  L. 

The  general  dimensions  and  some  of  the  detail  arrangements  of  this 
plan  were  subsequently  changed  to  suit  the  final  location  and  other  con- 
ditions, but  the  general  features  of  the  plan  have  been  substantially 
carried  out. 

This  design  was  afterwards  worked  out  more  in  detail;  strain-sheets 
were  made,  the  estimate  revised,  and  a  tender  submitted  by  the  Central 
Bridge  Works  to  the  Niagara  River  Bridge  Company  for  the  construc- 
tion of  the  entire  work. 

This  tender  was  considered  by  the  Board  of  Directors  of  the  Niagara 
River  Bridge  Company,  and  found  satisfactory;  the  preliminary  designs 
accompanying  the  bid  were  referred  to  Mr.  Charles  H.  Fisher,  M.  Am. 
Soc.  C.  E.,  Chief  Engineer  of  the  New  York  Central  and  Hudson  River 
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Railroad,  who  acted  at  that  time  as  consulting  engineer  for  the  bridge 
company;  ho  considered  the  plan  feasible,  and  approved  of  it.  The 
contract  for  the  whole  work  was  accordingly  awarded  to  the  Central 
Bridge  Works,  of  Buffalo,  on  April  11th,  1883,  on  condition  that  the 
structure  be  completed  on  December  1st  of  the  same  year,  and  be  built 
according  to  specifications  which  had  been  agreed  on  between  the 
Niagara  River  Bridge  Company,  under  advice  of  their  consulting 
engineer,  and  the  contractors. 

These  specifications  are  given  in  Appendix  No.  1. 

The  contracts  for  the  following  portions  of  the  work  were  sublet  by 
the  Central  Bridge  Works: 

Excavation  and  masonry  to  Dawson,  Simmes  &  Mitchell,  Niagara 
Falls,  Ont. 

Beton  foundations  to  John  C.  Goodridge,  Jr.,  New  York  City. 

Steel  and  iron  compression  members  for  towers  to  Kellogg  &  Maurice, 
Athens,  Pa. 

On  April  26th  the  writer  had  an  interview  with  Mr.  Cornelius  Van- 
derbilt,  President,  and  Mr.  James  Tillinghast,  Vice-President  of  the 
Niagara  River  Bridge  Company,  when  he  was  informed  of  his  appoint- 
ment as  chief  engineer,  and  requested  to  take  charge  of  the  work  imme- 
diately. 

The  writer  appointed  Mr.  A.  R.  Trew  as  his  principal  assistant,  and 
subsequently  Mr.  James  A.  Bell  and  Mr.  B.  F.  Betts  were  employed  as 
assistant  engineers. 

An  accurate  survey  and  profile  of  the  bridge  site  had  been  made 
previously  by  Messrs.  G.  C.  Cunningham  and  James  A.  Bell.  The 
writer  commenced  at  once  to  perfect  the  plans  and  work  out  the  details 
of  the  structure,  with  the  kind  assistance  of  the  Engineer  of  the  Central 
Bridge  Works. 

In  making  the  final  plans  it  was  found  necessary  to  make  some 
changes  from  the  original  design.  The  length  of  the  cantilever  arms, 
as  well  as  that  of  the  intermediate  span,  had  to  be  changed  to  suit  the 
final  location  of  the  piers.  The  end-posts  on  the  shore  ends  of  the 
cantilevers  were  made  inclined,  similar  to  the  river  ends,  for  the  pur- 
pose of  bringing  the  anchorage  masonry  above  ground,  thus  saving  the 
labor  of  rock  cutting,  besides  having  better  access  to  the  anchorage. 
As  time  was  a  very  important  factor  in  this  work,  and  having  been 
convinced  by  previous  experience  of  the  uncertainty  of  obtaining  steel 


502  SCHNEIDER    ON    NIAGARA    CANTILEVER   BRIDGE. 

of  satisfactory  quality  in  so  short  a  time  as  was  needed  for  this  work, 
the  writer  concluded  to  limit  the  use  of  steel  to  pins  and  heavy  com- 
pression members,  such  as  tower-posts,  center-posts,  compression-chords 
and  end-posts  of  the  cantilevers.  It  was  also  decided  to  use  a  double 
system  of  diagonals  for  the  cantilevers,  although  the  writer  does  not 
ordinarily  advocate  double  intersection.  It  was  done,  however,  in  this 
case,  to  have  an  intermediate  support  for  the  posts,  some  of  which  are 
very  long  and  had  to  be  made  in  two  sections;  and  also,  with  reference 
to  convenience  of  manufacture,  to  shorten  the  eye-bars  for  the  main 
ties. 

The  general  plan  of  the  structure  as  it  was  built  is  given  on  Plate 
No.  LI. 

Work  was  commenced  at  the  bridge  site  on  April  15th,  and  the 
material  for  the  superstructure  was  ordered  by  the  contractors  as  soon 
as  the  plans  were  far  enough  advanced;  work  at  the  bridge  site  as  well  as 
in  the  shops  was  pushed  along  vigorously  under  the  very  able  manage- 
ment of  the  Central  Bridge  Works,  until  the  bridge  was  completed  and 
opened  for  traffic  on  December  20th,  1883,  about  eight  months  from  the 
commencement  of  the  work. 

Location  and  Surroundings. 

The  bridge  which  is  the  subject  of  this  paper  crosses  the  Niagara 
River  about  two  miles  below  the  Falls  and  about  300  feet  above  the 
Railroad  Suspension  Bridge,  and  connects  the  village  of  Suspension 
Bridge,  New  York,  and  the  town  of  Niagara  Falls,  Ontario. 

Previous  to  the  building  of  this  bridge,  the  Niagara  was  spanned  by 
two  railroad  bridges,  viz. :  the  Railroad  Suspension  Bridge,  near  which 
the  new  bridge  is  located,  and  the  International  Bridge,  crossing  the 
Niagara  at  Black  Rock,  one  of  the  suburbs  of  Buffalo  ;  the  latter  was 
formerly  used  by  the  Michigan  Central  Railroad,  and  as  both  bridges 
were  controlled  by  the  Grand  Trunk  Railway,  it  was  deemed  desirable 
for  the  interests  of  the  Michigan  Central  Railroad  to  have  an  indepen- 
dent crossing,  for  which  the  site  of  the  new  bridge  was  selected. 

The  bridge  connects  on  the  American  side  by  a  short  approach  with 
the  tracks  of  the  Niagara  Falls  branch  of  the  New  York  Central  and 
Hudson  River  Railroad.  On  the  Canadian  side  it  was  necessary  to 
build  a  branch  line,  known  as  the  Welland  Cut-off,  which  intersects  the 
Niagara  Falls  branch  of  the  Michigan  Central  Railroad  at  the   "View," 
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opposite  the  Falls,  and  joins  the  main  line  of  the  Michigan  Central  Rail- 
road at  Welland,  Ont.,  having  a  total  length  of  14  miles. 

The  Niagara  River  forms  the  outlet  of  Lake  Erie  into  Lake  Ontario  ; 
it  is  36  miles  long  and  forms  a  part  of  the  boundary  line  between  the 
United  States  and  Canada.  It  contains  many  islands,  of  which  Grand 
Island  is  the  largest,  and  at  about  22  miles  from  its  source  occurs  the 
great  cataract  of  Niagara  Falls. 

The  strata  from  the  base  of  the  escarpment  at  Lewiston  (about  7  miles 
from  Lake  Ontario)  up  to  the  Fnlls  are  represented  by  eight  divisions, 
of  which  the  bottom  is  a  red  shaly  sandstone  and  marl  which  forms  the 
bank  at  Lewiston  and  extends  to  Lake  Ontario.  Above  this  is  a  gray 
qnartzose-sandstone  ;  this  layer  forms  the  bed  of  the  lower  rapids,  and 
the  river  cuts  through  this  layer  at  the  whirlpool.  The  third  layer  is 
a  red  shaly  sandstone,  which,  with  the  one  below  it,  forms  the  Medina 
sandstone  group,  which  shows  at  the  river  bank  just  below  the  Suspen- 
sion Bridge.  Above  this  is  a  thin  layer  of  green  shale  ;  we  then  come 
to  a  compact  gray  limestone,  then  to  a  soft  argillo-calcareous  shale, 
which  is  known  as  the  Niagara  shale  ;  above  this  is  a  compact  limestone, 
known  as  the  Niagara  limestone,  which  is  the  stratum  on  which  the 
anchorage  piers  of  the  bridge  rest. 

The  bridge  spans  a  chasm  of  about  850  feet  in  width  between  the 
bluffs  and  210  feet  depth  to  the  surface  of  the  water.  The  banks  on 
both  sides  of  the  river  have  a  slope  of  about  45  degrees  from  the  water's 
edge  to  about  50  feet  below  the  top  of  the  cliff,  above  which  they  are 
vertical.  The  river  is  about  425  feet  wide  at  the  bridge  site  and  the 
water  has  a  velocity  of  about  16£  miles  per  hour  in  the  center  of  the 
river,  forming  whirlpools  and  eddies  along  the  American  shore.  On 
account  of  the  rapid  current  of  the  stream  it  has  been  impossible  to 
ascertain  the  correct  depth  of  the  river,  but  it  is  estimated  to  be  50  to 
80  feet  in  the  center. 

The  sloping  banks  of  the  river  at  the  bridge  site  consist  of  a  mass  of 
large  boulders  and  broken  rocks  from  the  hard  limestone  layer  which 
forms  the  upper  stratum,  mixed  with  earth  and  debris.  The  limestone 
has  been  undermined  by  the  action  of  the  water,  which  has  cut  away 
the  argillaceous  stones,  leaving  the  limestone  overhanging  ;  this  stone 
falling  into  the  gorge  in  large  masses  has  formed  a  natural  rip-rap  from 
the  ferry  below  the  Falls  to  the  Suspension  Bridge,  and  has  prevented 
further  erosion  of  the  softer  stones.  Below  the  whirlpool  there  are  no 
hard  rocks  in  the  bed  of  the  river. 
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In  making  the  excavations  of  the  pits  near  the  water's  edge  it  was 
found  that  the  material  removed  consisted  wholly  of  the  strong  lime- 
stone above  mentioned.  The  indications  are  that  no  bed  rock  could 
have  been  found  for  the  foundations  of  the  piers  which  support  the 
towers,  unless  the  excavations  had  been  extended  to  the  bottom  of  the 
i-iver.  If  the  bridge  had  been  founded  on  the  shale  of  Medina  sand- 
stone, it  would  have  been  necessary  to  have  rip-rapped  it  with  immense 
rocks,  as  nature  has  already  done  at  the  bridge  site  and  up  to  the  Falls. 
The  erosion  of  the  softer  stones  and  the  rip-rapping  of  the  banks  by  the 
falling  of  the  large  stones  can  now  be  seen  on  the  east  bank  of  the  river 
below  the  Suspension  Bridge  ;  the  river  cutting  into  the  ledge  until  the 
(rock  of  the  limestone  group  breaks  and  falling  forms  a  rip-rap  which 
protects  it  from  further  wear.  Just  below  the  site  of  the  foundation  on 
the  east  bank,  fallen  limestones  have  made  a  raceway,  which  has  been  a 
site  for  a  mill,  and  has  remained  in  its  present  condition  unchanged 
from  the  time  of  the  oldest  records. 

There  is  a  sufficient  accumulation  of  earth  on  the  broken  rocks  to 

support  vegetation,  and  from  the   Suspension  Bridge  to  the  Falls  the 

banks  are  heavily  wooded  to  the  water's  edge  with  trees,  many  of  them 

of  considerable  size,  showing  that  this  bank  has  been  undisturbed  for  a 

long  period. 

Substructure. 

Work  on  the  foundations  was  commenced  on  April  15th,  1883,  by 
excavating  the  pits  for  the  river  piers  which  were  to  form  the  supports 
for  the  towers.  This  work  mainly  consisted  in  excavating  and  removing 
loose  rock  and  debris.  A  great  deal  of  blasting  had  to  be  done,  as  most 
of  the  pieces  of  rock  forming  the  banks  of  the  river  were  of  such  size 
that  they  could  not  be  handled  whole,  and  many  of  them  extended  far 
into  the  banks.  The  materials  excavated  were  deposited  into  the  river 
in  front  of  the  pits  ;  much  of  it  was  washed  away  again  by  the  current  of 
the  water,  only  the  largest  pieces  remaining.  This  work  was  done 
simultaneously  on  both  sides  of  the  river.  It  was  at  first  supposed  that 
somewhere  near  the  water's  level  a  ledge  of  solid  rock  might  be  struck, 
and  the  intention  was  to  place  the  masonry  directly  on  the  rock  on 
foundations  prepared  by  making  a  smooth,  level  surface  on  the  same. 
As  the  work  of  excavating  progressed  it  became  more  and  more  appar- 
ent that  the  formation  which  was  found  in  the  sloping  banks  was 
likely  to  extend  some  distance  below  the  water's  level,  and  as  the  work 
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of  excavating  into  the  banks  was  attended  with  great  difficulties  and 
dangers,  it  was  decided  to  excavate  only  deep  enough  to  reach  a  good  com- 
pact layer  of  large  rocks  and  far  enough  back  into  the  banks  to  form 
pita  large  enough  to  hold  the  masonry.  At  about  the  water's  Jevel  on 
each  side  of  the  river,  a  good  bed  of  irregular-shaped,  but  very  large, 
rocks,  was  found,  closely  bonded  and  interlocked  with  each  other, 
which  the  writer  considered  an  excellent  foundation  for  the  weight 
which  would  be  thrown  upon  it  by  the  structure  and  masonry. 

At  the  suggestion  of  the  contractors  it  was  decided  to  leave  the  irreg- 
ular shape  of  the  bottoms  of  the  pits  and  prepare  a  bed  for  the  masonry 
by  filling  these  pits  to  an  average  depth  of  about  8  feet  with  "Beton 
<!oignet,"  made  by  John  C.  Goodridge,  Jr.,  of  New  York  City.  The 
foundations  were  prepared  by  removing  all  the  small  pieces  of  rock  and 
debris  and  carefully  cleaning  out  the  interstices  and  cavities,  but  leaving 
the  irregular  surfaces  as  found.  The  beton  was  prepared  on  top  of  the 
•lifts  and  let  down  into  the  pits  in  chutes;  it  was  well  rammed  into  the 
crevices,  thus  fitting  all  irregularities  in  the  sides  as  wrell  as  on  the  bot- 
tom and  bonding  all  the  rocks  into  one  solid  monolithic  mass.  This 
method  will  distribute  the  pressure  uniformly  over  the  entire  area  of  the 
foundations  and  transmit  a  portion  of  it  to  the  adjoining  rocks,  thus  in- 
creasing the  actual  bearing  surface  of  the  footings  to  a  large  extent.  The 
size  of  the  foundation  for  each  pair  of  piers,  although  of  irregular  shape, 
averages  about  40  feet  in  length  and  25  feet  in  width,  making  an  area 
of  about  1  000  square  feet. 

The  weight  thrown  upon  one  pair  of  piers  by  the  superstructure,  in- 
cluding live  load  and  wind  pressure,  is 2  348  000  pounds. 

Weight  of  masonry 2  800  000      " 

"       beton 782  000      " 

Total  weight  on  one  foundation 5  930  000  pounds, 

which  makes  5  030  pounds  per  square  foot,  or  about  41  pounds  per 
square  inch;  this  it  will  be  seen  is  within  the  safe  limits.  As  the  actual 
area  of  the  foundations,  owing  to  the  method  above  described,  is  prac- 
tically a  good  deal  larger  than  the  one  assumed  in  the  calculations,  the 
pressure  per  square  foot  is  still  further  reduced . 

The  beton  beds  were  leveled  off  at  an  elevation  of  11  feet  above  the 
water  level  to  receive  the  masonry;  they  average  about  8  feet  in  thick- 
ness. 
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After  the  betou  foundations  were  nearly  completed  and  work  on  the 
masonry  on  the  American  side  had  commenced,  a  question  came  up  re- 
garding the  stability  of  the  foundations. 

As  the  bridge  was  to  be  used  by  the  Michigan  Central  Kailroad,  Mr. 
H.  B.  Ledyard,  the  President  of  that  road,  requested  the  late  Mr.  E.  H. 
Phelps,  Chief  Engineer  of  the  Michigan  Central  Railroad,  to  make  an  ex- 
amination of  the  foundations.  Mr.  Phelps  after  making  an  examination 
reported  that  he  was  not  perfectly  certain  as  to  the  stability  of  said  foun- 
dations, being  of  the  opinion  that  the  structure  could  be  absolutely  safe 
only  on  solid  rock. 

Mr.  Cornelius  Vanderbilt,  President  of  the  Niagara  River  Bridge 
Company,  then  sought  the  opinion  of  Mr.  Charles  H.  Fisher,  M.  Am. 
Soc.  C.  E . ,  Chief  Engineer  of  the  New  York  Central  and  Hudson  River 
Railroad.  Mr.  Fisher  also  made  an  examination  and  partly  supported 
Mr.  Phelps'  views,  and  suggested  that,  as  he  did  not  wish  to  rely  on  his 
own  judgment  solely  in  a  case  of  such  importance,  the  opinions  of  other 
engineers  of  acknowledged  authority  should  be  obtained. 

In  accordance  with  Mr.  Fisher's  suggestion  Mr.  J.  Tillinghast,  Vice- 
President  of  the  Niagara  River  Bridge  Company,  selected  Mr.  George  S. 
Morison,  M.  Am.  Soc.  C.  E.,  and  Mr.  Charles  Macdonald,  M.  Am.  Soc. 
C.  E.,  of  New  York  City,  as  experts,  who  visited  the  bridge  site  and 
made  an  examination  on  July  6th.  They  gave  their  opinion  in  a  written 
report,  and  expressed  themselves  as  satisfied  with  the  stability  of  the 
foundations. 

A  few  clays  afterwards,  Mr.  John  A.  Wilson,  M.  Am.  Soc.  C.  E.,  of 
Philadelphia,  Mr.  A.  W.  Stedman,  Chief  Engineer  of  the  Lehigh  Valley 
Railroad,  and  Mr.  Theodore  Cooper,  M.  Am.  Soc.  C.  E.,  of  New  York 
City,  who  were  at  the  time  in  Buffalo  on  other  business,  were  also  re- 
quested to  make  an  examination  of  the  foundations  and  give  their  opinion. 
They  made  their  examination  on  July  10th  and  reported  in  favor  of  the 
foundations. 

The  official  reports  of  both  commissions  of  engineers  are  given  in 
Appendix  No.  2. 

The  masonry  was  built  of  Queenston  limestone  laid  in  cement  in 
courses  of  about  2  feet  rise,  excepting  the  filling  and  backing,  for  which 
Black  Rock  stone  was  used. 

The  piers  which  support  the  towers  are  12  feet"  square  under  the  cop- 
ing and  have  a  batter  of  &  inch  to  the  foot;  each  pair  of  piers  is  connected 
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by  a  wall  4  feet  thick  on  top  and  battering  the  same  as  the  piers.  These 
piers,  together  with  the  beton  foundations,  are  shown  on  Plate  LII. 

The  drawing  also  illustrates  the  underlying  and  surrounding  rock 
formation. 

The  masonry  for  these  piers  was  laid  with  a  derrick  placed  at  the  end 
of  a  platform,  180  feet  above  the  water's  level,  on  top  of  a  temporary 
trestle,  which  trestle  was  used  afterwards  for  the  erection  of  the  towers 
and  shore  arms  of  the  cantilevers.  The  stones  were  lowered  from  the 
cliff  to  the  platform  by  a  derrick  erected  above,  and  from  there  were  run 
out  on  hand  cars  on  a  track  on  top  of  the  trestle  to  the  other  derrick  at 
the  end  of  the  platform,  which  was  used  for  laying  the  stones.  These 
derricks  had  50-feet  booms  and  were  each  provided  with  a  hoisting  en- 
gine working  a  single  wire  rope. 

Work  on  the  foundations  was  commenced  on  April  15th,  and  the  beton 
rilling  on  the  American  side  was  commenced  on  June  6th,  and  on  the 
Canadian  side  on  June  13th.  The  beton  foundations  were  completed  on 
June  26th  on  the  American  side  and  on  July  13th  on  the  Canadian  side. 
Laying  stone  was  commenced  on  the  American  side  on  June  26th  and 
the  piers  linished  on  August  20th;  on  the  Canadian  side  the  masonry 
was  commenced  on  July  14th  and  completed  on  September  3d. 

The  following  table  gives  the  quantities  of  beton  and  masonry,  in 
cubic  yards,  used  in  the  piers  which  support  the  towers. 


Beton. 

Masonry. 

American  side,  north  pier. .  . 

226.8  cub.  yds. 
291.4       " 

•257  0 

696.4  cub.  yds. 
687.9 

"              •'     south  pier 

Canadian  side,  north  pier 

696  9 

"             "     south  pier  

378.7       " 

7U6.6       " 

Totals 

1  153.9  cub.  yds. 

2  787.8  cub.  yds. 

The  anchorage  piers  are  located  on  top  of  the  cliffs  and  are  11  feet  x  37 
feet  6  inches  under  the  coping,  with  a  batter  of  i  inch  to  the  foot.  They 
form  the  sujiports  for  the  shore  ends  and  also  act  as  counter- weights  for  the 
cantilevers.  In  order  to  utilize  the  whole  weight  of  the  masonry  for  the 
anchorage,  they  are  built  on  a  platform  consisting  of  twelve  wrought-iron 
plate  girders  2  feet  6  inches  deep  and  38  feet  long;  these  plate  girders 
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on  eighteen  15-inch  I  beams,  through  which  the  anchor  bars  pass.  The 
lower  ends  of  these  bars  have  screw  ends  and  are  provided  with  nuts 
which  screw  up  against  a  wrought-iron  washer  plate;  the  upper  ends  of 
the  anchor  bars  are  formed  into  loops  which  connect  on  the  pin  around 
which  the  rockers  oscillate.  It  is  evident  that  with  this  arrangement 
the  weight  of  the  whole  mass  of  masonry  in  the  anchorage  piers  is 
brought  into  account. 

Each  anchorage  pier  contains  on  an  average  454  cubic  yards  of 
masonry,  weighing,  together  with  the  iron-work,  about  2  000  000  pounds. 
As  the  uplifting  force  from  the  cantilever  under  the  most  unfavorable 
position  of  loading  is  612  000  pounds,  we  have  a  factor  of  safety  of 
about  3£  in  the  weight  of  the  anchorage  against  the  overturning  of  the 
cantilevers. 

The  foundations  for  the  anchorage  piers  were  prepared  by  excavating 
the  rock  to  such  depth  as  to  give  the  piers  the  required  height;  the  pits 
were  then  partly  filled  up  with  masonry  to  form  a  bed  for  the  I  beams 
and  plate  girders,  leaving  cavities  under  the  washer  plates  which  open 
on  the  outside  to  gain  access  to  the  nuts  on  the  anchor  bars.  The 
masonry  for  the  anchorage  piers  was  of  the  same  class  as  that  of  the 
tower  piers. 

The  details  of  one  of  the  anchorage  piers  are  shown  on  Plates  LITT 
and  LVIII. 

SUPERSTRUCTURE. 

The  structure  carries  a  double  track;  it  consists  of  two  cantilevers 
which  rest  on  iron  towers,  and  whose  shore  ends  are  anchored  to  masonry 
piers,  the  river  ends  being  connected  by  an  intermediate  span. 

The  principal  dimensions  of  the  structure  are  as  follows:  Distance  be- 
tween centers  of  anchorage  piers,  910  feet  2|inches;  length  of  each  of  the 
cantilevers,  395  fee';  2  nr  inches  between  centers  of  end-pins;  and  length 
of  the  intermediate  span,  119  feet  9j  inches  between  centers  of  end-pins. 

In  order  to  define  the  principles  of  the  system  upon  which  the  cal- 
culations were  based,  we  will  consider  the  structure  as  shown  in  the 
accompanying  diagram,  with  the  members  BE,  FG,  HI and  KL  removed: 


,ist  9+- 

,i»«iE 

.v.  ;,oe- 
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It  is  evident  that  the  middle  span  GK  is  similar  to  a  girders  upporte, 
at  both  ends  and  free  to  move  horizontally.  In  the  finished  structured 
the  members  DE.  FQ,  ///"and  KL  are  put  in,  but  have  oblong  pin-holes 
it  the  points  /-.',  G,  //and  K,  so  that  a  limited  longitudinal  motion  can 
take  place  at  these  points.  Those  members  are  necessary  to  transfer  the 
wind  strains  from  the  center  span  to  the  cantilevers.  This  arrangement 
eliminates  the  temperature  strains,  and  makes  it  possible  to  determine 
the  strains  in  the  middle  span  with  the  same  accuracy  as  in  aDy  ordinary 
truss. 

The  cantilevers  being  supported  on  three  points,  A,  B  and  C,  would, 
if  the  web  systems  of  the  trusses  were  continuous  from  end  to  end,  form 
a  system  in  which  the  strains  are  ambiguous  (beam  continuous  over 
three  supports).  However,  by  omitting  the  diagonals  in  panel  BG,  it  is 
evident  that  no  other  strains  can  be  transmitted  between  B  and  C  than 
moments,  the  points  of  support  being  practically  reduced  to  2,  and  the 
shearing  strain  in  panel  B G  becoming  0,  the  strains  become  well  d>  fined 
and  can  be  determined  with  precision.  If  P{  denotes  the  resultant  of 
the  loads  in  the  left  cantilever  arm  and  P •>  the  resultaut  of  the  loads 
acting  upon  the  right  cantilever  arm,  X\  and  x«  their  respective  distances 
from  the  supports  B  and  G,  and  RQ,  i?t  and  R-,  the  reactions  at  points 
A,  B  and  G,  we  have  the  following  simple  equations  for  the  reactions  : 

R0  +  Rl  +R2  —p%  _p,  =0 (I) 

Px  {ll-Xl)  +  P2  fa+a+xj— R,  lt  —  R2  (a  +  h)=0 (II) 

P,  —  R,=0 (Ill) 

Hence:  R0     P    '''  —^^ (IV) 

R=F    0,-U) +/>,«, (V) 

R,  =  P, ! (VI) 

If  the  assumption  is  correct,  that  there  is  no  shearing  strain  in  the 
panel  over  the  towers,  the  moments  in  section  BG  must  be  in  equili- 
brium, or  the  following  condition  must  be  fulfilled:  R0  /,  — P\  x^  = 
P2  x-,.  By  substituting  the  value  of  R0  from  equation  IV,  we  obtain 
P.,  x2  =  P>  -To,  thus  proving  that  no  condition  of  loading  can  produce 
a  shearing  strain  on  panel  BG.  The  equations  also  show  that  if  P-2  &■>  is 
larger  than  Px  xlt  the  reaction  at  A  becomes  negative;  the  cantilever 
therefore  must  be  anchored  down  at  A. 

After  the  reactions  at  A,  B  and  G  are  determined,  the  calculations  of 
strains  in  the  various  members  composing  the  cantilevers  offer  no 
difficulties. 

In  order  to  eliminate  the  temperature  strains  in  the  shore  arms  of  the 
cantilevers,  as  well  as  their  effect  upon  the  towers,  the  supports  at  A 
must  be  movable  horizontally.  To  accomplish  this,  the  shore  ends  of 
the  cantilevers  are  supported  on  rockers,  consisting  of  short  links,  capa- 
ble of  resisting  tension  as  well  as  compression,  hinging  on  pins  which 
rest  on  pedestals,  and  are  anchored  to  the  masonry. 

In  proportioning  the  structure,  the  following  moving  load  was 
assumed,  as  per  specification  agreed  upon  between  the  contractors  and 
the  Bridge  Company,  viz. :  A  train  on  each  track,  headed  by  two  GG-ton 
locomotives,  having  72  000  pounds  on  three  pair  of  drivers,  spaced  G  feet 
between  centers,  followed  by  a  train  load  of  2  000  pounds  per  lineal 
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foot.     The  following  is  a  diagram  of  the  locomotives  assumed  for  the 
calculations  : 


S        5         *        ^ 

^         ^  <i  <5> 

^>        *         ^        <i 
S       S         $        5 

zoo  UAiAi;    6(b  (bo 

U _y .:.*-£/ -A...- -7-! -~±     6-    1---6-1  k 9'      .;    *'i-  .S-.L..WJ 

The  floor  system,  however,  has  been  proportioned  for  78-ton  consolida- 
tion engines,  which  is  in  excess  of  the  loads  called  for  in  the  specifica- 
tions. This  was  done  in  view  of  the  possibility  that  at  some  future  time 
consolidation  engines  might  be  used  on  the  bridge,  which  would  in 
practice  and  under  ordinary  traffic  not  increase  the  strains  on  the  mem- 
bers of  the  structure  above  those  the  bridge  has  been  calculated  for,  but 
would  increase  the  strains  on  the  floor  system  materially.  The  diagram 
of  the  engines  assumed  for  the  calculation  of  the  floor  system  is  given 
below  : 

I  §  *        §        *  §         *  *  § 

6  cocyxb  (^&)  v&) 

*^  -  8-  --  J. -S- $--t.-t.s- *-  *.  s'-*.     -7  '-  -  -i-¥.S'-+--S.  7-  -if-   -¥. X'-n 

The  lateral  system  is  proportioned  to  resist  a  wind  pressure  of  30 
pounds  per  square  foot  on  a  train  surface  of  10  feet  vertical  height,  plus 
the  same  pressure  per  square  foot  upon  the  exposed  surface  of  both 
trusses  and  the  floor  system  ;  the  wind  pressure  on  the  train  surface 
being  considered  as  a  moving  load. 

The  strains  produced  by  the  above-mentioned  loads  and  the  strains 

due  to  the  dead  load  of  the  structure,  as  computed  from  the  actual  shop 

weights  aplpied  at  the  several  panel  points,  are  shown  in  the  strain-sheet 

on  Plates  LIV  and  LV ;  the  dead-load  strains  being  marked  d.  the  live 

load  strains  /,  the  wind  strains  w,  +  denoting  tension  and  —  compression. 

The  maximum  strain  produced  by  this  load  was  intended  to  be  limited 

l    i-i  AAA /1    ,      minimum  strain\  n  .     ,         ,, 

to  11  000  11-4-4-  —  I  pounds  per  square  inch  on  the  section 

\  maximum  strain/ 

of  the  steel  compression  members,  and  to  8  000  I  1  +  J —  — —  ) 

\  max.  strain/ 

pounds  on  the  iron  members  in  tension.     The  above  formulae  are  moditi 

cations  of  Weyrauch's  formula  derived  from  Woehler's  experiments.     The 

actual  weights  of  the  finished  structure,  however,  turned  out  to  be  a  little 

different  from  those  assumed  in  the  first  calculations,  and  as  the  dead 

load  is  an  important  factor  in  a  structure  of  this  kind,  the  strains  per 

square  inch  of  section  on  the  different    members   were  thus  in   some 

cases  increased,  in  others  decreased.     The  bending  strain  on  the  steel 

pins  was  limited  to  20  000  pounds  per  square  inch  on  the  extreme  fiber, 

the  strains  on  each  bar  being  supposed  to  be  concentrated  on  its  center. 

The  maximum  tension  allowed  on  the  lateral  rods  was  15  000  pounds  per 

square  inch. 


Strains  m  Pounds     +  denotes  leruiort 

-      ■        compressor! 
d  denote:  strains  resulting  from  dead  load 


Diagram  of  Wind  Srrains. 

Upper  Lateral  System 
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The  tower-posts,  lower  chords,  center  and  end-posts  of  cantilevers, 
pins  and  top-castings  for  towers  are  of  steel;  all  the  other  parts  of  the 
bridge  are  of  wrought-iron,  excepting  the  shoes  for  the  tower-posts, 
tilling  rings,  washers  and  hand-rail  posts,  which  are  of  cast-iron. 

The  towers  are  132  feet  6^  inches  high  from  top  of  masonry  to  center 
-of  lower  chord  of  cantilevers.  Each  tower  is  composed  of  four  main 
posts,  which  are  connected  to  each  other  by  horizontal  struts,  and  braced 
-diagonally  by  tie-rods.  These  posts  rest  on  cast-iron  shoes  at  the  bot- 
tom, which  are  supported  by  the  masonry  piers.  The  tops  of  the  })osts 
consist  of  steel  castings,  which  support  the  cantilevers  on  7^-inch 
steel  pins.  The  tower-posts  have  a  batter  of  1  in  8  at  right  angles  to 
the  axis  of  the  bridge,  and  a  batter  of  1  in  48  parallel  to  the  axis  of  the 
bridge.  The  distance  between  centers  of  posts  at  their  base  is  60  feet 
7 J-  inches  at  right  angles  to  the  line  of  the  bridge,  and  30  feet  5$  inches 
parallel  to  it.  On  top,  where  the  posts  form  the  support  for  the  canti- 
levers, the  distance  between  their  centers  is  28  feet  at  right  angles  to 
the  line  of  the  bridge,  and  25  feet  parallel  to  it.  The  tower-posts  are 
formed  of  steel  plates  and  angles  ;  each  post  consisting  of  two  side 
plates  20  inches  wide  varying  in  thickness  from  £  inch  to  f  inch,  4 
angles  4"  X  4"  Xf",  a  cover  plate  30"  xj",  two  filling  plates  between 
the  angles  of  18" X  i"  and  two  balance  plates  5"  XI"  on  the  side  oppo- 
site the  cover  plate,  on  which  side  the  posts  are  double  laced  with  bars 
2j"Xj".  The  horizontal  struts  which  form  the  connection  between 
the  posts  divide  the  towers  into  five  sections  of  nearly  equal  height. 
The  struts  running  at  right  angles  to  the  center  line  of  the  bridge  con- 
sist of  two  channels  with  the  flanges  turned  in,  laced  top  and  bottom  ; 
they  are  inserted  through  the  open  side  of  the  tower-posts  and  con- 
needed  to  them  by  3^-inch  steel  pins.  The  horizontal  struts  running 
parallel  to  the  center  line  of  the  bridge  consist  of  4  angles  4"x4''X-rV'j 
double-laced  on  all  four  sides,  and  are  riveted  to  the  web  plates  of  the 
posts.  In  the  three  lower  sections  of  the  towers  the  horizontal  struts 
running  at  right  angles  to  the  line  of  the  bridge  are  intersected  by  a 
vertical  strut,  consisting  of  two  10-inch  channels,  laced  on  the  open 
-sides.  The  various  panels  formed  by  the  post  and  horizontal  struts 
are  braced  diagonally  by  square  tension  rods  attached  to  steel  pins  and 
provided  with  sleeve  nuts  for  adjustment. 

The  general  plan  of  one  of  these  towers  is  given  on  Plate  LVI  and 
the  details  are  shown  on  Plate  LVII. 
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Each  cantilever  consists  of  a  shore  arm  195  feet  2-/V  inches  long,  one 
panel  of  25  feet  over  the  tower  and  a  river  arm  of  175  feet  length.  The 
cantilever  trusses  are  divided  by  vertical  posts  into  panels  of  25  feet, 
with  the  exception  of  the  end  panel  of  the  shore  arm,  which  is  20  feet 
2-j5u  inches  ;  they  have  a  double  system  of  diagonals,  and  are  spaced  28 
feet  between  centers  ;  they  are  56  feet  deep  over  the  towers,  26  feet  over 
the  last  vertical  post  at  the  river  end,  and  21  feet  over  the  last  vertical 
post  at  the  shore  end. 

The  upper  chords  of  the  shore  arm  receive  alternate  tensile  and  com- 
pressive strains  ;  loads  which  are  applied  between  the  anchorage  and  the 
tower  produce  compression,  and  those  applied  to  the  river  arm  or  inter- 
mediate span  produce  tension.  As  the  largest  strains  are  in  tension,  the 
upper  chord  of  the  shore  arm  has  been  constructed  as  a  tension  mem- 
ber composed  of  eye-bars  mainly,  but  has  a  compression  member  packed 
in  between  the  chord-bars.  The  eye-bars  are  8  inches  wide  and  vary 
from  ll  to  ll  inches  in  thickness. 

The  compression  member  consists  of  two  web  plates  18" XI",  and 
four  angles  3j"x5"X§",  double  latticed  top  and  bottom.  This  strut 
is  made  in  lengths  of  one  panel,  with  pin  joints  at  each  end. 

The  upper  chord  in  the  tower  panel  consists  of  fourteen  8-inch  eye- 
bars. 

The  upper  chord  of  the  river  arm,  which  is,  like  that  over  the  tower, 
strained  in  tension  only,  is  composed  entirely  of  eye-bars,  8  inches  and 
6  inches  deep. 

The  lower  chords  and  inclined  end-posts  of  the  cantilevers  are  steel 
compression  members,  which  are  composed  of  plates  and  angles  ;  each 
member  consisting  of  two  side  plates  24  inches  wide,  varying  in  thick- 
ness from  i  to  3  inches,  and  four  angles  4"xl"Xf"  ;  the  section  is  in- 
creased by  filling  plates  on  each  side  between  the  angles  and  additional 
side  plates,  according  to  the  required  area.  No  cover  plates  were  used, 
so  as  to  preserve  a  symmetrical  section,  the  pins  passing  through  the 
neutral  axis  of  the  member,  which  the  writer  considers  to  be  very  es- 
sential in  compression  members  in  order  to  develop  the  full  strength  of 
the  same. 

The  vertical  posts  over  the  tower  supports  are  of  steel,  and  composed 
of  two  plates  20" x  §",  and  four  angles  4"  x4"  x  §",  double-laced  ;  they 
are  made  in  two  lengths  and  spliced  in  the  center. 

The  intermediate  vertical  posts  are  formed  of  two  12  or  15-inch  chan- 
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nels  with  the  flanges  turned  outwards  and  double-laced.  The  three 
posts  next  to  the  tower  are  made  in  two  sections  and  spliced. 

The  main  ties  are  eye-bars  6  and  7  inches  wide,  and  from  l£ 
to  li  inches  thick;  they  are  made  in  two  lengths,  with  the  exception 
of  the  end  ones,  and  are  coupled  on  a  pin  which  passes  through  the 
posts  at  their  intersection  with  the  main  ties. 

The  end  panels  of  the  shore  arms  are  provided  with  counter  ties, 
which  consist  of  two  bars  6"xli"  in  the  last  panel,  and  square  bars, 
varying  from  2  to  l.j  inches,  in  the  adjoining  three  panels.  At  both 
ends  of  the  cantilevers,  the  last  two  sets  of  ties  are  connected  on 
the  pin  which  passes  through  the  intersection  of  the  center  line  of 
the  end-post  with  that  of  the  lower  chord  by  means  of  short  links. 
These  links  are  interposed  for  the  purpose  of  defining  the  strains  in  the 
ties  attached  to  them,  their  center  line  determining  the  direction  of  the 
resultant. 

All  the  principal  connections  are  made  by  steel  pins  of  5f,  6|  and 
7£-inch  diameter. 

The  vertical  posts  over  each  tower  are  stiffened  by  a  horizontal  strut 
between  them  at  the  center,  and  another  strut  attached  to  the  same  pin 
and  connected  with  the  intermediate  pin  of  the  next  post  and  the  pin 
connection  of  the  first  set  of  main  ties. 

The  floor  beams  are  riveted  to  the  vertical  posts  just  below  the  upper 
chord,  and  at  these  places  the  two  channels  forming  the  vertical  posts 
are  connected  by  a  web  plate  instead  of  lacing.  The  floor  beams  also 
rest  on  brackets  made  of  two  angles  riveted  to  the  inside  of  the  posts, 
which  brackets  are  also  xised  for  the  connection  of  the  sway-rods  ;  but 
this  bearing  is  not  estimated  in  calculating  the  strength  of  the  connec- 
tion. The  floor  beams  at  the  river  ends  of  the  cantilevers  are  sus- 
pended from  the  pin  ;  their  ends  being  attached  to  short  eye-bars, 
rigidly  connected  together  by  a  web  plate  and  angles,  and  to  the  lower 
ends  of  which  the  suspenders  carrying  the  intermediate  span  are  con- 
nected. A  rigid  connection  is  also  made  between  these  floor  beams  and 
the  inclined  end-posts  of  the  cantilevers  by  a  short  strut,  consisting  of 
two  10-inch  channels,  laced. 

The  wind  and  sway  bracing  is  arranged  in  the  following  manner  : 
Horizontal  struts  are  attached  to  the  main  pins  of  the  lower  chord  and 
to  the  intermediate  pins  in  the  vertical  posts,  connecting  the  posts 
transversely  ;  these    struts  consisting   of     two  8-inch  channels,  laced. 
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The  connections  are  made  by  small  pins,  which  pass  through  the  ends 
of  the  struts  and  through  U-nuts  screwed  to  the  ends  of  the  main  pins. 
The  bends  which  are  thus  formed  by  each  pair  of  vertical  posts  and 
the  horizontal  struts  and  floor  beams,  are  braced  transversely  by  di- 
agonal rods  ;  the  only  exceptions  are  the  posts  over  the  tower  supports, 
which  are  braced  transversely  by  angle-iron  lattice-work.  The  inclined 
end-posts  are  also  braced  transversely  by  diagonal  rods.  The  connec- 
tions of  the  lower  lateral  rods  are  on  the  pins  which  pass  through  the 
U-nuts  and  the  ends  of  the  lateral  struts.  The  upper  lateral  rods  are 
connected  on  pins  which  pass  through  angle-iron  lugs  and  plates  riveted 
to  the  floor  beams  at  the  upper  flange. 

The  lateral  connections  are  all  made  on  turned  steel  pins,  and  all  rods 
are  supplied  with  sleeve-nuts  for  adjustment. 

The  cantilevers  are  supported  over  the  towers  on  pins  in  steel  cast- 
ings, while  they  are  connected  at  their  shore  ends  to  the  anchorage 
piers  by  rockers.  The  anchor  rods  are  3|  inches  square,  theuj>per  ends 
of  which  are  formed  into  loops,  through  which  pass  the  pins  to  which 
the  rockers  are  connected. 

The  detail  plans  of  the  cantilevers  are  given  on  Plates  LVIII  and 
LIX.     Cross-section  over  tower  is  shown  on  Plate  LXI. 

The  intermediate  span  is  119  feet  9 5  inches  long  between  centers  of 
end-pins,  and  26  feet  deep,  and  is  divided  into  five  panels  of  21  feet 
each,  excepting  the  center  panel,  which  is  23  feet  9:  inches.  The  trusses 
are  spaced  28  feet  between  centers,  the  same  as  the  cantilever  trusses. 
The  upper  chord  consists  of  two  15-inch  channels  and  one  cover  plate, 
24"  XI".  doubled  Liced  on  the  underside.  As  the  lower  chord  of  the 
intermediate  span  had  to  resist  compressive  strains  during  erection,  it 
being  erected  on  the  cantilever  principle,  the  same  as  the  river-arms  of 
the  cantilevers,  it  was  designed  as  a  compression-member,  consisting  of 
two  12  inch  channels,  laced  top  and  bottom.  In  the  center  panel  the 
lower  chord  consists  of  six  5-inch  eye-bars  of  1"  and  1|"  thickness. 
The  vertical  posts  are  similar  to  those  of  the  cantilevers,  composed  of 
two  12-inch  channels  each,  laced.  The  first  panel-suspender,  which  acts 
only  as  a  support  for  the  lower  chord,  consists  of  rods  l£  inch  square, 
the  upper  part  consisting  of  two  flat  bars,  14" xU".  with  a  web  plate 
riveted  between  them  to  form  an  attachment  for  the  floor  beam.  This 
floor  beam  has  a  bracket  attached  to  each  side  connecting  with  the  pin. 
The  diagonals  are  4-inch  eye-bars,  and  the  center  panel  is  provided  with 
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counters.  The  lateral  and  transverse  bracing  for  the  middle  span  is 
arranged  similar  to  that  of  the  cantilevers,  with  the  exception  of  the 
top  lateral  bracing  over  its  end  panels,  which  consists  of  angles  riveted 
to  the  floor  beams  and  stringers.  As  these  are  the  panels  which  have 
the  expansion  joints,  the  angle-iron  braces  were  substituted  for  the  tie- 
rods,  to  give  lateral  stability  without  interfering  with  the  working  of 
the  expansion  joints. 

The  detail  plans  of  the  intermediate  span  are  given  on  Plate  LX. 

The  iron-floor  system  consists  of  four  lines  of  stringers  placed  6^ 
feet  between  centers,  resting  directly  on  the  transverse  floor  beams  at 
each  panel  point.  The  bottom  flange  of  the  stringer  is  riveted  to  the 
top  flange  of  the  floor  beam.  The  stringers  are  spliced  at  their  joints 
and  braced  transversely  by  brackets  made  of  flat  iron.  Each  set  of 
stringers  is  stiffened  at  the  center  by  angle-iron  frames  riveted  be- 
tween the  webs  of  the  stringers.  The  stringers  of  the  end  panels  rest 
at  the  shore  end,  ou  sliding  plates  on  the  anchorage  piers;  the  stringers 
being  connected  transversely  at  that  place  by  angle  iron  frames  similar 
to  those  which  stiffen  them  at  their  center,  but  extending  across  the 
whole  width  between  the  trusses  and  connected  to  the  end- pins,  forming 
the  end-top  lateral  strut.  The  stringers  are  proportioned  for  78-ton 
consolidation  engines  besides  their  own  weight  and  that  of  the  timber 
Hoor.  Each  stringer  consists  of  a  web  plate  30"  x  |",  and  four  angles 
5"x3j"X  I". 

The  maximum  bending  strain  on  the  extreme  fiber  of  the  stringers 
produced  by  the  above-mentioned  loads  is  8  100  pounds  per  square 
inch. 

The  Hoor  beams  consist  of  a  web-plate  48"X|",with  four  angles 
6"  X 6"  x  J'\  and  cover-plates  11"  x  i" ,  15  and  22  feet  long.  The  web- 
plate  is  stiffened  by  angle-iron  stiffeners  under  each  stringer  sup- 
port. 

The  floor  beams  are  proportioned  for  the  same  engine  load  as  the 
stringers,  besides  the  weight  of  the  floor.  The  maximum  bending  strain 
on  the  extreme  fiber  of  these  beams  is  7  <>G0  pounds  per  square  inch. 
As  the  Hoor  beams  are  also  acting  as  top  lateral  struts,  and  besides  are 
used  to  stiffen  the  structure  transversely  in  connection  with  the  trans- 
verse rods,  it  was  thought  advisable  to  give  them  an  excess  of  strength, 
and  therefore  the  fiber  strain  was  limited  to  the  one  above  mentioned. 

The  floor  of  the  superstructure  consists  of  oak  ties  9"x9",  12  and 
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16  feet  long,  resting  on  the  stringers.  They  are  spaced  18  inches  be- 
tween centers,  and  are  notched  down  1  inch  over  the  stringers.  The 
track  is  laid  with  60-pound  steel  rails.  There  are  four  lines  of  oak 
guard-timbers,  spaced  4  feet  from  the  center  line  of  each  track  ;  they 
are  notched  down  1  inch  on  the  ties  and  are  bolted  to  every  third  tie  by 
|-inch  bolts.  The  spaces  between  the  outer  guards  and  ribbons  are 
planked  with  2-inch  pine  plank.  An  iron  hand-rail  is  placed  on  each 
side  of  the  floor,  consisting  of  cast-iron  posts,  spaced  6  feet  apart  and 
bolted  to  the  ribbons,  carrying  four  lines  of  li-inch  gas-pipes.  The 
floor,  including  rails  and  hand-rails,  is  estimated  to  weigh  795  pounds 
per  lineal  foot,  assuming  the  weight  of  timber  at  4  pounds  per  foot, 
board  measure. 

The  quantities  of  material  for  the  superstructure  are  given  in  the 
following  table: 


Steel. 


Wrought  |c        Iron        Tota, 
Iron. 


Towers 

Cantilevers 

Intrrmediate  span 

Anchorage 

Hand-rails 


Lbs. 
445  170 
822  156 
4  735 


Lbs. 
238  232 
2  370  478 
289  693 

177  840 
16  438 


Lbs. 

87  075 

18  500 

545 

3  192 

17  136 


Lbs. 
770  477 
3  211  134 
294  973 
INI  032 
33  574 


1  272  061     3  092  681        126  448!    4  491  190 


Timber  floor,  oak 135  400  feet,  B.  M. 

-     pine 18  300     " 


153  700 


Materials  for  Superstructure. 

The  iron  used  in  the  construction  of  the  bridge  was  manufactured 
by  Messrs.  Atkins  Brothers,  of  Pottsville,  Pa.,  and  Graff,  Bennet  &  Co., 
of  Pittsburgh,  Pa. 

The  steel  was  made  by  the  Spang  Iron  and  Steel  Company,  Limited, 
of  Pittsburgh,  Pa.,  with  the  exception  of  the  steel  used  for  the  pins  and 
the  steel  castings,  which  were  made  by  the  Cambria  Iron  Company,  of 
Johnstown,  Pa. 

All  materials  were  manufactured  into  finished  members  at  the  shops 
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of  the  Central  Bridge  Works,  at  Buffalo,  excepting  the  compression 
members  for  the  towers,  which  were  made  in  the  shops  of  Messrs.  Kel- 
logg &  Maurice,  of  Athens,  Pa. 

The  work  in  the  shops  was  inspected  by  Mr.  Jacob  Jung. 

The  heads  of  the  eye-bars  were  formed  by  die-forging,  which  is  done 
by  piling  pieces  of  scrap  on  the  end  of  the  bar,  which  is  then  heated  to 
a  welding  heat  and  hammered  under  a  steam-hammer  into  a  die  which 
has  the  shape  of  the  eye-bar  head.  Some  of  these  finished  eye-bars 
were  tested  in  the  Government  testing  machine  at  the  Watertown 
Arsenal.     A  record  of  these  tests  is  given  in  Appendix  No.  3. 

The  material  was  inspected  at  the  mills  by  Mr.  "W.  F.  Zimmermann, 
of  Pittsburgh,  Pa.,  who  made  all  the  sample  tests  which  are  recorded  in 
Appendix  No.  4. 

The  records  of  the  tests  of  accepted  steel  are  accompanied  by  a  par- 
tial chemical  analysis  furnished  by  the  manufacturers.  In  selecting  the 
material  the  specifications  were  strictly  adhered  to.  The  following 
change,  however,  was  made" from  the  original  specification  for  the  steel: 
The  original  specification  required  the  sample  bars  to  show  a  reduced 
area  at  the  point  of  fracture  of  35  per  cent. ;  this  was  changed  to  25  per 
cent. 

The  steel  test  bars  were  all  rolled  from  4"  x  4"  test  ingots  into  |" 
rounds. 

According  to  the  writer's  experience  with  steel  for  structural  pur- 
poses which  had  to  be  made  according  to  a  specification,  there  have 
always  been  considerable  delays,  and  this  case  was  no  exception  to  the 
rule.  The  records  of  the  tests  will  show  that  the  steel  which  has  been 
accepted  was  of  a  good  uniform  quality.  There  were  215  heats  made  by 
the  Spang  Iron  and  Steel  Company,  of  which  109  heats  were  accepted 
and  136  rejected. 

Erection. 

The  towers  were  erected  by  means  of  derricks  placed  at  the  ends  of 
the  same  false-works  which  had  been  used  to  handle  the  stone  for  the 
masonry.  The  material  was  lowered  with  a  derrick  from  the  cliff  upon 
hand-cars,  and  run  out  to  the  derrick  at  the  end  of  the  false-works  which 
were  used  for  the  handling  of  the  iron  in  erecting  the  towers.  The 
various  pieces  composing  the  towers  were  lowered  and  placed  in  their 
respective  positions  by  this  derrick,  and  the  towers  thus  completed  in 
sections. 
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The  erection  of  the  tower  on  the  American  side  was  commenced  on 
August  29th,  and  on  the  Canadian  side  on  September  10th.  The  tower 
on  the  American  side  was  completed  on  September  8th,  and  on  the 
Canadian  side  on  September  18th.  After  the  towers  were  erected,  upper 
false-works  were  put  up  on  top  of  the  trestles,  and  the  shore  arms  of  the 
cantilevers  erected.  The  shore  arms  being  completed,  a  track  was  laid 
on  the  completed  shore  arms,  and  the  erection  of  the  river  arms  com- 
menced. 

The  river  arms  of  the  cantilevers  were  erected  with  a  traveler,  con- 
structed for  that  purpose  by  the  contractors.  This  traveler,  the  details 
of  which  are  shown  on  Plate  LXII,  was  built  in  place  on  top  of  the  shore 
arm.  The  traveler  consisted  of  a  substantial  wooden  framework  braced 
with  iron  rods.  It  was  supported  by  cast-iron  wheels  14"  diameter  and 
8"  face  on  steel  axles;  these  wheels  run  between  timber  guides  on  the 
outside  stringers  of  the  permanent  bridge.  The  traveler  was  anchored 
to  the  three  last  transverse  floor  beams  of  the  completed  portion  of  the 
structui'e  by  iron  clamp-hooks,  hinged  to  a  bolt  which  passed  through 
the  timbers,  and  was  provided  on  the  top  with  screw-end,  nut  and 
washer  plate.  These  clamp-hooks  caught  under  the  upper  flanges  of 
the  floor  beams;  by  screwing  up  the  nuts  the  clamps  held  the  traveler 
firmly  down  to  the  truss.  The  traveler  was  66  feet  6  inches  long  from 
out  to  out,  projecting  40  feet  beyond  the  completed  truss,  with  an 
extension  on  the  rear  end  reaching  to  the  next  panel  point,  where  it  was 
anchored  by  the  clamp-hooks.  The  extreme  height  of  the  traveler  was 
21  feet,  and  the  width  over  all  38  feet  6  inches.  The  traveler  was  pro- 
vided with  2  derricks;  power  was  furnished  by  a  Copeland  &  Bacon 
hoisting  engine  with  1\  inches  diameter  of  cylinder  and  8-inch  stroke, 
and  a  vertical  tubular  boiler  2  feet  6  inches  by  7  feet.  The  engine  was 
connected  by  proper  gearings  and  shafts,  shown  on  the  plan  (Plate  LXII), 
with  the  winches  around  which  the  hoisting  ropes  were  passed.  The 
material  was  conveyed  on  hand- cars  run  on  a  track  in  the  center  from 
the  shore  end  to  the  traveler.  The  derricks  were  so  arranged  that  they 
could  lift  the  material  from  the  car  and  lower  the  pieces  into  their 
respective  places  in  the  structure,  or  transfer  the  same  to  one  of  the 
tackles  suspended  from  a  cross-beam  on  top  of  the  traveler.  Those 
travelers  were  at  first  placed  on  the  panels  over  the  towers,  and  the 
adjoining  panels  were  then  erected  in  the  following  manner:  The  mem- 
bers composing  the  panel  were  lowered  into  place  and  held  in  position 
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until  the  connections  were  made  and  the  panel  thus  completed.  The 
traveler  was  then  moved  forward  one  panel  length;  this  was  done,  after 
the  clamp-hooks  were  loosened,  by  passing  ropes,  which  were  fastened  to 
the  front  floor  beam,  over  the  sheaves  A  A  (see  Plate  LXII)  back  to  the 
winches. 

For  the  safety  and  convenience  of  the;  workmen  while  connecting  the 
different  parts,  a  hanging  platform  was  used  suspended  from  the  trav- 
eler by  1-inch  iron  rods,  which  were  adjustable  by  having  short  links  of 
3  feet  length  attached  to  their  lower  ends,  this  distance  being  equal  to 
the  rise  of  the  lower  chord  in  each  panel  length;  the  height  of  the  plat- 
form could  be.  adjusted  by  removing  one  set  of  links  at  each  advance. 

Plate  LXIII  shows  the  bridge  during  construction ;  the  false- 
works used  for  the  erection  of  the  shore  arm  of  the  cantilever  are 
shown  in  place.  The  traveler  is  in  position  for  the  erection  of  the 
third  panel  from  the  tower;  a  chord  section  is  just  being  put 
in  place.  The  heaviest  members  handled  with  this  traveler  weighed 
about  12  000  pounds. 

The  intermediate  span  which  connects  the  cantilevers  was  also 
erected  with  the  travelers,  the  lower  chord  (with  the  exception  of  the 
center  panel)  being  made  a  compression  member.  The  last  position  of 
the  travelers  was  over  the  end  panels  of  the  cantilevers,  leaving  a  space 
of  40  feet  between  them.  After  a  portion  of  the  intermediate  span  had 
been  erected,  a  number  of  timber  beams  were  laid  across  on  top  between 
the  travelers,  bridging  the  open  space,  and  forming  false-works  from 
which  the  last  connections  were  made. 

The  first  metal  of  the  cantilever  shore  arm  on  the  American  side  Avas 
placed  on  the  false-works  on  September  25th,  and  erection  completed  on 
October  15th.  The  erection  of  the  cantilever  shore  arm  on  the  Canadian 
side  was  commenced  on  October  8th,  and  finished  on  October  22d.  The 
traveler  on  the  American  side  was  completed  on  October  25th,  and  erec- 
tion of  the  river  arm  commenced  on  October  28th.  The  traveler  on  the 
Canadian  side  was  completed  on  October  31st,  and  erection  of  the  river 
arm  commenced  on  November  4th.  The  last  connection  was  made  on 
November  22d.  at  11.55  a.  m.  The  travelers  were  then  taken  down  and 
the  false-works  removed.  The  laying  of  the  tracks  was  commenced  on 
November  31st,  and  the  lirst  track  completed  on  December  (>th,  when  the 
bridge  was  crossed  for  the  first  time  by  Mr.  G.  H.  Burrows,  Division 
Superintendent  of  the  New  York  Central  and  Hudson  River  Railroad. 
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in  his   pony  engine,    having   on  board  with  him  the  engineers   of  the 
bridge.     The  whole  structure  was  completed  on  December  19th. 

The  entire  superstructure  was  raised  under  the  direction  of  Mr.  S. 
V.  Byland,  Superintendent  of  Erection  for  the  Central  Bridge  Works. 

Tests. 

On  December  20th  the  bridge  was  formally  opened  for  traffic,  and 
tested  in  the  presence  of  a  great  number  of  engineers  who  were  invited 
for  the  occasion.  The  tests  were  conducted  by  a  committee  consisting  of 
Messrs.  George  S.  Morison,  M.  Am.  Soc.  C.  E.,  Theodore  Cooper,  M. 
Am.  Soc.  C.  E.,  and  Charles  Macdonald,  M.  Am.  Soc.  C.  E.,  of  New  York 
City,  and  Mr.  Thomas  Eidout,  Engineer,  Department  of  Railways  and 
Canals,  of  Ottawa,  Canada. 

As  the  observations  made  on  the  day  of  the  opening  were  not  con- 
sidered absolutely  reliable  on  account  of  the  inclemency  of  the  weather, 
the  committee  expressed  a  desire  to  make  some  additional  tests  some 
time  during  the  following  spring  or  summer. 

According  to  agreement  the  9th  of  June  was  selected  for  the  ad- 
ditional tests  ;  the  necessary  preparations  having  been  completed,  the 
same  engineers  met  again  at  the  bridge  site  and  made  the  tests,  the  re- 
sults of  which  are  given  in  the  Report  of  the  Testing  Committee  in 
Appendix  No.  5. 


A  reproduction  of  a  photograph  of  the  Niagara  Cantilever  Bridge 
after  completion,  is  given  on  Plate  LXVII. 


SCHNEIDER    ON    NIAGARA    CANTILEVER    BRIDGE.  521 

APPENDIX   No.   1. 
Specification  for  Bridge  over  Niagara  Rtveb  at  Suspension  Beidge. 

General. 

The  bridge  will  be  constructed  for  two  railroad  tracks,  ami  will  con- 
sist of  two  pairs  of  cantilevers,  each  380  feet  between  the  centers  of  end- 
pins,  and  supporting  a  fixed  span  between  their  inner  ends,  125  feet  be- 
tween centers  of  end-pins;  these  dimensions  may  be  varied  to  suit  final 
location.  The  cantilever  spans  at  their  land  ends  shall  be  anchored  to 
and  supported  by  stone  abutments,  and  at  their  centers  by  steel  piers,  as 
shown  on  general  plan ;  the  latter  shall  rest  upon  stone  piers. 

Plans. 

Full  detail  plans  showing  all  dimensions  will  be  furnished  to  the 
•engineer  of  the  Bridge  Company  for  his  approval  before  the  work  of 
construction  is  commenced,  and  any  modification  required  by  him  to  in- 
sure a  safe  and  substantial  structure  as  contemplated  and  described  in 
these  specifications,  shall  be  made.  The  work  will  be  done  in  all  re- 
spects in  accordance  with  these  plans,  and  such  modifications  thereof  as 
may  be  required  by  the  engineer. 

Excavations. 

Pits  for  the  foundations  of  the  piers  and  abutments  shall  be  exca- 
vated to  the  depths  and  dimensions  directed  by  the  engineer  in  charge, 
and  shall  be  made  smooth  and  level  on  the  bottom. 

Masonry. 

The  masonry  in  piers  and  abutments  shall  be  built  of  sound,  durable 
limestone,  of  quality  approved  by  the  engineer,  and  will  be  first-class 
ashler  work. 

All  coping  stone  shall  have  beds  and  joints  well  bush-hammered  and 
•cut  true  to  the  square,  and  shall  be  laid  in  the  work  so  as  to  form  a  quar- 
ter inch  joint  throughout.  Each  face  stone  shall  be  rock-faced  with 
edges  pitched  to  straight  lines  and  no  projections  exceeding  2  inches. 
The  beds  to  be  bush-hammered  throughout  and  the  end  joints  for  12 
inches  back.  Stone  to  be  laid  on  their  natural  beds  in  regular  courses 
with  1  header  to  every  2  stretchers,  and  bonding  not  less  than  12  inches 
with  contiguous  courses.  No  header  to  be  less  than  4j  feet  long  and  no 
stretcher  less  than  2{  feet  wide.  No  stone  to  be  less  than  12  inches  thick. 
The  whole  to  be  set  level,  well  bedded  in  mortar,  and  laid  to  a  £  inch 
joint.  The  backing  and  filling  to  be  of  large-sized  stone,  laid  in  courses 
corresponding  with  the  face  stone,  but  2  courses  may  till  up  one  of  the 
faces,  provided  no  stone  less  thau  9  inches  thick  is  used;  the  broadest  bed 
to  be  laid  undermost  and  to  have  a  good  bearing  on  the  stone  below. 

A  draft  of  2  inches  wide  shall  be  cut  at  all  angles  in  the  masonry. 
Not  more  than  2  unfinished  courses  shall  be  allowed  at  one  time  in 
*any  wall,  and,  as  a  rule,  1  course  must  be  wholly  finished  before  another 
is  begun. 

Cement  shall  be  of  the  best  quality  hydraulic,  newly  manufactured, 
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and  well  packed  and  protected  until  required  for  use;  none  to  be  used 
until  accepted  by  the  engineer.  Any  cement  condemned  by  him  must 
be  immediately  removed  from  the  work. 

All  sand  used  in  mortar  must  be  sharp  and  clean,  and  free  from  loam 
and. vegetable  matter. 

The  general  proportions  of  sand  and  cement  for  common  mortar  will 
be  2  of  sand  and  1  of  cement,  aud  for  pointing  mortar  1  of  saud  and  1  of 
cement.  It  shall  be  used  immediately  after  mixing,  and  any  that  has  com- 
menced to  set  or  has  been  mixed  more  than  half  an  hour  shall  be  rejected 
and  thrown  away.  Each  course  of  masonry  when  laid  shall  be  thor- 
oughly grouted  with  thiu  mortar  of  the  same  quality  as  the  above. 

All  outside  joints  will  be  raked  out  to  a  depth  of  1  iuch  and  neatly 
pointed. 

Loads. 

The  structure  shall  be  proportioned  in  all  its  parts  to  sustain  the 
maximum  strains  produced  by  the  following  luads: 

1st.  The  dead  weight  of  the  structure  itself. 

2d.  A  train  on  each  track,  headed  by  two  66-ton  consolidated  engines, 
having  72  000  pounds  on  3  pairs  ot  drivers  spaced  6  feet  between  cen- 
ters, followed  by  a  train  weighing  1  ton  per  lineal  foot. 

3d.  A  wind  pressure  of  30  pounds  per  square  foot  on  a  train  surface 
of  10  square  feet  per  lineal  foot  of  bridge,  plus  the  same  pressui'e  per 
square  loot  upon  the  vertical  surface  of  one  side  of  the  structure  and 
track,  exposed  in  any  direction. 

Materials  for  Superstructure. 

The  posts  of  the  towers,  and  the  posts,  bottom  choi'ds  and  pins  of 
cantilevers,  shall  be  of  steel.  All  other  members  shall  be  of  wrought 
iron. 

Strains. 

In  iron  members  the  tensile  strains  allowed  shall  be: 

In  main  ties  and  chord  bars  for  live  load.  10  000  lbs.  per  sq.  in. 

"counters 8  000 

"  laterals  aud  sway  bracing 15  000        "  " 

"  chord  bars  for  dead  loads 12  500        "  " 

"  chord  bars  for  wind  strains 12  500        "  " 

In  compression  the  allowed  strain  shall  meet  the  requirements  of 
Gordon's  formula. 

In  steel  members  the  tensile  strain  per  square  inch  allowed  shall  be 
as  follows,  viz. : 


11  000  (  1  +  1  minimiim  straiu-\ 
V  maximum  strain.  / 


This  result  shall  be  used  in  Gordon's  formula  for  compression  as  the 
numerator  of  the  fraction  in  place  of  8  000. 

Materials. 

All  material  shall  be  subject  to  inspection,  at  all  times  during  its 
manufacture,  by  the  engineer  and  his  inspectors,  and  any  machine  or 
other  tests  of  material  that  he  may  desire  shall  be  made  without  charge. 
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All  steel  shall  be  manufactured  by  the  open-hearth  process.  Besse- 
mer steel  will  not  be  accepted. 

Steel  used  in  compression  members,  pins  and  steel  plates,  shall  con- 
tain not  less  than  ,  „',,  nor  more  than  rVtf  °f  1  Per  cent,  of  carbon,  and 
less  than  /,,  of  1  per  cent,  of  phosphorus. 

Sample  test  bars  of  I  of  an  inch  in  diameter  shall  bend  180  degrees 
around  that  diameter  without  sign  of  crack  or  flaw. 

The  same  liars  tested  in  a  lever  machine  shall  show  an  elastic  limit  of 
not  less  than  50  000  pounds  per  square  inch,  and  an  ultimate  strength  of 
not  less  than  80  000  pounds.  It  shall  elongate  at  least  15  per  cent,  in  a 
length  of  8  inches  before  breaking,  and  shall  have  a  reduced  area  of  35 
per  cent,  at  point  of  fracture. 

The  iron  used  in  tension  members  shall  be  double  refined  iron.  Small 
samples  having  a  minimum  length  of  8  inches  shall  show  an  elastic  limit 
of  at  least  2G  000  pouuds  and  an  ultimate  strength  of  50  000  pounds  per 
square  inch,  and  shall  elongate  15  per  cent,  and  show  a  reduction  of  25  per 
cent,  at  point  of  fracture.  The  fracture  shall  be  of  uniform  fibrous  char- 
acter. When  tested  in  full-sized  bars,  a  reduction  of  from  5  to  15  per 
cent,  will  be  allowed,  according  to  the  size  of  the  bars.  Small  samples 
taken  from  plate  and  shape  iron  shall  show  an  elastic  limit  of  24  000 
pounds  and  an  ultimate  strength  of  47  000  pounds  per  square  inch;  shall 
elongate  10  per  cent. ;  and  show  a  reduction  of  area  of  15  per  cent,  at 
point  of  fracture. 


WoiiKMANSHIP. 

In  riveted  work  the  holes  shall  not  be  punched  more  than  ^  inch 
larger  than  diameter  of  rivet  to  be  used,  and  when  the  parts  are  as- 
sembled a  cold  rivet  shall  pass  through  without  reaming;  no  drifting 
will  be  permitted. 

All  rivets  in  steel  members  shall  be  of  steel,  and,  wherever  possible, 
all  rivets  shall  be  driven  by  power. 

All  pin-holes  shall  be  truly  bored,  so  as  to  be  equally  distinct,  paral- 
lel to  each  other  and  at  right  angles  to  the  axis  of  the  member.  All 
bearing-surfaces  shall  be  truly  faced. 

Power-riveters  shall  be  direct-acting  machines,  worked  by  steam, 
hydraulic  pressure  or  compressed  air,  and  capable  of  holding  on  to  the 
rivet  when  upsetting  is  completed. 

Surfaces  in  contact  shall  be  painted  before  being  put  together. 

All  eye-bars  shall  be  die-forged.  No  welding  in  the  body  of  the  bar 
will  be  allowed.  All  screw  ends  shall  be  enlarged,  so  that  the  diameter 
of  the  bottom  of  the  thread  shall  be  equal  to  the  diameter  of  the  bar. 

All  pins  shall  be  truly  turned  to  a  gauge,  and  shall  be  of  full  size 
throughout.  The  pin-holes  shall  be  bored  to  fit  the  pins,  with  a  play 
not  exceeding  .-,'„-  of  an  inch.  Pilot-nuts  shall  be  used  in  the  erection 
of  the  work. 

All  workmanship,  whether  particularly  specified  or  not,  must  be  of 
the  best  kind  now  in  use  in  first  class  bridge  work.  Flaws,  incorrect 
lengths,  surface  imperfections  or  irregular  shapes  will  be  sufficient 
ground  for  rejection  of  material. 

Constant  and  strict  inspection  of  the  whole  of  the  workmanship  and 
materials  will  be  made  during  the  progress  of  manufacture,  and  at  any 
time  before  or  after  manufacture  the  engineer  shall  have  power  to  reject 
any  part  of  the  whole  on  account  of  defects. 
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Painting. 

The  surfaces  of  all  members  connected  by  rivets  shall  be  well  painted 
before  they  are  put  together,  and  all  the  work  shall  have  one  coat  of  ap- 
proved metallic  paint  before  it  leaves  the  shop,  except  machine-finished 
bearing  surfaces,  which  shall  be  coated  with  white-lead  and  tallow.  The 
entire  iron  work  shall,  after  erection,  receive  two  good  coats  of  white 
lead  mixed  with  boiled  linseed  oil. 

Timbeb  Work. 

Cross-ties  will  be  of  best  quality  white  oak,  26  feet  in  length,  9"x9" 
square,  and  will  be  boxed  down  1  inch  on  the  track  stringers. 

There  will  be  four  lines  of  guard-timbers  of  white  oak  8"x8",  and 
boxed  down  1  inch  on  the  ties  and  bolted  to  every  third  tie  by  finch 
bolt. 

Foot-walks  of  2-inch  pine  plank  and  about  3  feet  3  inches  wide  will  be 
laid  on  the  ends  of  the  ties,  between  the  outer  guard-timbers  and  the 
hand-rails. 

Hand -Rail. 

A  hand-rail  will  be  placed  on  each  side  of  the  bridge,  consisting  of 
cast-iron  posts,  placed  4£  feet  apart  and  bolted  to  the  ties,  and  support- 
ing four  lines  of  lj-inch  gas-pipe  railing. 

The  railing  to  be  painted  in  the  same  manner  as  the  other  iron-work. 


APPENDIX  No.  2. 

Reports  by  Experts  on  Foundations. 

J.  Ttllinghast,  Esq., 

Vice-President  Niagara  River  Bridge  Company. 

Dear  Sir, — We  have  this  day  visited  the  site  of  the  new  bridge  across 
the  Niagara  River,which  is  now  being  built  by  the  Central  Bridge  Works, 
of  Buffalo,  a  short  distance  above  the  Railroad  Suspension  Bridge. 

We  have  visited  the  foundation  pits  and  examined  the  foundations  as 
thoroughly  as  circumstances  would  admit  of.  In  some  respects,  this  ex- 
amination would  have  been  more  satisfactory  if  made  before  any  of  the 
beton  filling  had  been  put  in  the  pits;  but  the  main  question,  the  sta- 
bility of  the  irregular  masses  of  rock  on  which  the  piers  rest,  can  be 
determined  now  as  well  as  at  an  earlier  date. 

We  find  that  the  piers  which  are  to  support  the  iron  towers  which 
carry  the  cantilevers,  are  founded  on  layers  of  beton  nowhere  less  than 
five  feet  thick,  in  pits  excavated  in  the  broken  rock  which  forms  the  slope 
from  the  foot  of  the  vertical  bluff  to  the  water's  edge,  the  bottom  of  the 
excavation  being  about  level  with  the  water.  This  rock  consists  of 
fragments  of  various  sizes,  some  of  them  over  thirty  feet  long, which  have 
broken  off  of  the  hard  limestone  ledges,  which  are  found  higher  up  on 
the  sides  of  the  chasm.  Although  the  situation  is  such  that  no  sound- 
ings can  be  taken  in  the  water,  except  at  great  expense,  and  then  only 
near  the  shore,  the  character  of  the  slope  shows  that  it  must  extend  un- 
der water  with  a   stable   angle,  and  the  growth  of  large  trees  immedi- 
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ately  at  the  edge  of  the  water  shows  that  the  mass  has  remained  un- 
disturbed for  a  very  long  period.  A  short  distance  below  the  bridge  the 
natural  formation  is  found  in  position  on  the  east  side  of  the  river.  It 
consists  of  a  soft  red  stone,  which  is  affected  by  the  water,  with  harder 
layers  of  limestone  above;  it  is  these  harder  layers  which  have  fallen  and 
formed  the  debris  when  the  soft  stone  had  been  worn  from  below  by  the 
water. 

We  consider  that  this  mass  of  hard  boulders,  which  owe  their  present 
stability  to  gravity,  forms  a  foundation  whose  stability  is  second  only 
to  rock  in  position,  and  extending  at  an  approximately  uniform  level 
across  the  river;  and  we  consider  such  a  foundation  very  much  safer  and 
more  stable  than  a  foundation  on  a  stratified  rock  rising  abruptly  from 
the  water,  and  exposed  to  the  wear  of  the  channel  below  the  surface. 

We  find  that  the  weight  which  your  bridge  will  throw  upon  this 
foundation  is  within  the  limits  which  safe  practice  allows  for  founda- 
tions on  loose  material;  and  we  consider  the  method  adopted,  of  dis- 
tributing the  weight  on  a  mass  of  concrete  which  locks  into  the  inter- 
stices of  the  mass  of  rocks,  the  best  method  of  starting  a  foundation  in 
such  a  situation. 

We  consider  that  the  plans  for  these  foundations  which  have  been 
adopted  are  to  all  intents  and  purposes  the  same  that  we  should  have 
selected  if  the  work  had  been  placed  in  our  charge  and  the  plans  pre- 
pared by  ourselves,  and  believe  that  the  use  of  piers  located  as  these  are, 
near  the  water's  edge,  is  a  wise  economy  in  reducing  the  length  of  the 
span  and  simplifying  the  construction  of  the  bridge. 

We  should  recommend  you,  without  hesitation,  to  proceed  with  the 
construction  of  your  bridge  on  the  plans  now  in  use. 

George  S.  Morison. 
Charles  Macdonald. 
Niagara  Falls,  Ont.,  July  6th,  1883. 


Buffalo,  July  12th,  1883. 
Charles  H.  Fisher,  Esq., 

Chief  Engineer  New  York  Central  and  Hudson  River  Railroad. 

Dear  Sir,— Having  been  requested  by  you  to  examine  the  location 
of  the  piers  for  the  proposed  new  bridge  of  the  Niagara  Bridge  Com- 
pany, we  have  visited  the  site,  inspected  the  work  done,  and  gathered 
such  information  as  we  could  obtain  during  our  visit. 

At  the  place  chosen  for  the  bridge  the  slopes  are  not  perj^endicular,  as 
they  are  in  many  places  above  and  below  this  point,  but  are  at  an  angle 
of  about  45  degrees,  and  the  excavations  made  show  that  the  material 
forming  the  face  of  the  hill  is  not  in  place,  but  has  been  broken  off  from 
higher  ground,  and  has  fallen  and  packed  together,  forming  a  mass  of 
boulders,  mixed  with  clay,  shale  and  other  material  from  the  original 
strata.  Many  of  the  boulders  showing  in  the  face  of  the  slope  are  of 
immense  size  and  appear  to  be  firmly  seated  in  their  places. 

The  indications  are  that  the  present  slope,  showing  above  the  water, 
has  not  been  disturbed  for  a  long  time,  as  large  trees  are  growing  at 
various  points  on  the  slope  referred  to,  and  the  condition  of  its  surface 
indicates  that  there  has  been  no  serious  undercutting  by  the  river 
currents. 
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We  know  by  inspection  of  other  points  further  down  the  river  that 
soft  strata  do  exist  in  the  river  cliffs  ;  but  at  this  place  they  would 
appear  to  be  covered  up  and  protected  by  the  slope  composed  of  a 
gigantic  mass  of  rip-rap  placed  by  nature  in  the  same  position  that 
engineers  would  desire  to  place  it  artificially  if  it  did  not  now  exist 
there. 

The  excavations  for  the  foundations  of  the  piers  have  been  made  in 
the  mass  of  rip-rap  referred  to  ;  the  bottom  of  the  excavations  being  at 
or  near  the  water's  level.  The  excavations  are  simply  niches  cut  into 
the  slopes. 

Beton  some  6  to  10  feet  in  thickness  has  been  placed  over  the  sur- 
face of  the  excavation,  filling  up  the  whole  width  of  the  cutting  and 
forming  apparently  a  solid  mass.  Upon  this  the  masonry  for  the  foot- 
ings of  the  towers  of  the  bridge  have  been  started. 

The  question  submitted  to  us  is  as  follows:  Is  this  a  safe  and  reliable 
foundation  for  the  proposed  structure  ? 

The  stability  of  the  proposed  foundations  depends  entirely  upon  the 
stability  of  the  mass  of  rip-rap  which  we  have  described,  and  under 
ordinary  circumstances  the  foundations  would  be  considered  ample. 

The  stability  of  the  mass  of  rip-rap  depends  upon  the  permanency 
of  the  footings  of  the  slopes  under  the  river  at  points  inaccessible  to 
examination ;  the  only  danger  to  be  apprehended  is  an  undercutting  of 
the  foot  of  the  "slopes,  and  there  are  no  present  indications  that  such 
action  is  taking  place,  nor  is  it  likely  to  take  place  at  this  point  in  the 
future,  unless  there  should  be  radical  changes  in  the  river. 

Taking  all  things  into  consideration,  we  are  of  the  opinion  that  the 
foundations  as  now  projected  are  as  secure  as  can  be  had  at  this  place  ; 
as  any  future  changes  in  the  river  which  would  affect  the  integrity  of 
the  proposed  foundations,  would  in  all  probability  equally  affect  any 
other  foundation  which  could  be  constructed  in  this  mass  of  natural  rip- 
rap. 

After  considering  the  subject  in  all  its  bearings,  our  judgment  is  that 
there  is  no  good  reason  for  changing  the  foundations  as  now  projected. 

John  A.  Wilson, 

Civil  Engineer,  Philadelphia. 

A.  W.  Stedman, 

Chief  Engineer  Lehigh  Valley  Railroad. 

Theodore  Cooper, 

Civil  Engineer,  35  Broadway,  New  York. 


APPENDIX  No.  3. 
Tests    of   Full-Sized   Eye-Bars. 

Watertown  Arsenal,  Mass.,  October  16th,  1883. 
Report  of  Mechanical  Tests  with  the  400-Ton  U.  S.  Testing  Ma- 
chine, for  the  Central  Bridge  Works,  Buffalo,  N.  Y. 
Tests  made  by  James  E.  Howard. 
Tensile  Tests  of  2    Wrought  Iron  Eye-bars. 
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Bar  Mi. 


8.0$"*  /.9S' 


Fracture 


* 80-' — * 

h**£ 299.92^ -U-rU 

Sectional  area  11.9  square  inches;    gauged  length  200  inches  :  twenty- 
eight  10"  sections  laid  oft*  on  stem. 


Applied  Loads. 

In  Gauged 
Length. 

Elon- 
gation 
O.  CO  1  . 
or 

Pins. 
Inches 

Applied  Loads. 

In  Gauged 
Length. 

Elon- 

GATIO> 

Total 
lbs. 

Lbs. 

per  □  " 

Elon- 
gation 
Inches 

Set. 
Inches 

Total 

lbs. 

Lbs. 
per  □" 

Elon- 
gation 
Inches 

C.  TOt.       Rl,M\|;Ks. 

Set         °F      ; 
Inches     PlNs- 
Inches 

11  900 

1  000 
5  000 

10  000 
1  ooo 

15  000 

18  000 

19  000 

20  000 
1  000 

0 
".0310 
".0693 

".1085 
".1362 
".1478 

".1595 

".1646 
".1672 
".1688 
".1708 
".1725 
".1747 
".1767 
".1786 
".1813 
".1833 
".1861 
".1882 
".1905 
".1934 
".1974 
".1997 
".2025 
".2048 
".2070 

".0021 
".6264 

0 

".14 
".02 

".24 

".32 

".04 

1 

278  000 
280  000 

•JS2  

284  000 
286  000 
288  000 
290  000 
292  000 
294  000 

296  000 

297  5U0 

303  450 
309  400 
321  300 
333  200 
345  100 
357  000 
368  900 
380  800 

416  500 

476  000 

".2100 
".2141 
".2170 
".222' 
".2265 
".2295 
".2333 
".2372 
".2417 
".2500 
".2590 

".2670 

".2740 
".7700 

' 

59  500 
119  000 

178  500 
214  200 

24  200 

25  000 
1  000 

25  000 

26  000 

27  000 

28  000 

29  000 

30  000 

31  000 

32  000 

35  000 

226  (100 
238  000 

24 i 

242  oiio 
244  000 
246  000 
248  000 
250  000 
262  ooo 

■•.0804 

.52 

.18 

l."18 
l."92 

2.  "65 

3.  40 
4. "15 
5.  "08 

8.  05 

15.   35 

254  000 
256  000 

I 

258  000 

260  000 

262  000 

|  Snapping 

264  000 
266  000 

40  ono 

(    sounds. 

268  000 

491  200      41  280 
0               0 

(  Ultimate 

270  000 
272  000 

12". 15 

(strength. 
6.LV 
5.8.V 

274  000 
276  000 

17. "39 

Elongation  of  pin-holes,  A  ".23,  B  ".32. 

Elongation  of  10"  sections,  ".33,  ".66  ".57,  ".56,  ".58,  ".57,  ".58, 
".57,  ".59,  ".57,  ".59,  ".59,  ".59,  ".60,  ".56,  ".60,  ".61,  ".62,  ".61, 
".61,  ".64  (".80  fractured  section),  ".61,  ".66,  ".66,  ".69,  ".69,  ".45. 

Area  at  fracture,  7. "73  x  l."39  =  10.74  square  inches. 

Contraction  of  area  9.7  per  cent. 

Broke  stem  80"  from  center  of  hole  B. 

Appearance  of  fracture:  dull,  fibrous,  laminated,  with  10  per  cent, 
granular  streaks. 

Started  crack  at  outside  of  head  A ,  front  of  eye :  also  opened  seam  in 
neck. 

Cracks  barely  started  in  head  B,  front  of  pin. 
Correct.— J.  E.   Howard. 
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BarMl 


8.oV*/.¥8' 


Tracture 

n 


^ 


U.?s"k- 


299.88" 


Crouk 
opened 


-7-'"k 


Sectional  area  11.9  square  inches;  gauge  1  length  200  inches;  twenty 
eight  10"  sections  laid  off  on  stem. 


AprLiED  Loads 

In  Gauged 
Length. 

Elon- 
gation 
C.  TO  c. 
OF 

Pins. 
Inches 

Applied  Loads. 

In  Gauged 

Length 

Elon- 
gation 

C.  TOO 

of 

Pins. 
Inches 

Total 
lbs. 

Lbs 

per  n" 

Elon- 
gation. 
Inches 

0 
".032(i 
".0722 

".1110 

".J360 
".14  8 
".1546 

".1584 
".1612 
".1630 
".1645 
".1663 
".1680 
".1696 
".1716 
".1732 
".1750 
".1770 
".1791 
".1811 
".1832 
".1850 
".1872 
".1900 
".1925 
".1950 
".1974 
".1998 
".2025 
".2055 

Set. 
Inches 

Total 

lbs. 

Lbs. 
per  d" 

Elon- 
gation 
Inches 

Sft. 
Inches 

Remarks. 

11  900 

59  500 

119  000 

178  500 
214  200 
226  100 
238  000 

240  000 
242  000 
244  000 
246  000 
248  000 
250  000 
252  000 
254  000 
256  000 
258  000 
260  000 
262  000 
264  000 
266  000 
'268  000 
270  000 

1  000 
5  000 

10  000 
1000 

15  000 

18  000 

19  000 

20  000 
1000 

".0015 

".0103 

0 

".07 
"   15 
".02 
".23 

".31 
".04 

286  000 
288  000 
290  000 
292  000 
294  000 

296  000 

297  500 

300  000 
302  000 
304  000 
306  000 

308  000 

309  400 
312  000 
314  000 
316  000 
321  300 
333  200 
345  100 
357  01 10 
368  900 
380  800 
416  500 

443  000 

476  000 

498  000 

o 

24  030 

25  000 
1000 

26  000 

27  000 

28  000 

29  000 

30  000 

31  000 

32  000 
35  000 

".2085 
".2122 
".2174 
".2220 
".2260 
"  2305 
".2350 

".2440 
".2496 
".2555 
".2600 
".2670 
".2740 
".2882 
".3050 
".3240 
".3750 
".9860 

".0537 

".45 
".12 

".55 

".73 
1".52 
2".  07 
2". 58 
3".  30 
4". 12 
6". 85 

(  Snapping 
[  sounds. 

272  000 
274  000 
276  000 

40  000 

41860 

0 

13". 23 

(  Ultimate 
j  strength. 

5.6.V 
=  5.7^ 

278  000 
280  000 
282  000 
284  000 

11". 29 

17". 24 

Elongation  of  pin-holes,  A  ".16,  B  ".20. 

Elongation  of  10"  sections,  ".31,  ".51,  ".55,  ".52,  ".53,  ".53,  ".54, 
".53,  ".55,  ".54,  ".55,  ".55,  ".57.  "56,  ".59,  ".61,  ".54,  ".64, 
".56,  ".56,  ".59,  ".57,  ".58,  "60,  ".60,  ".64,  ".64,  ".37. 

Fractured  stem  19"  from  center  of  bar. 

Appearance  fibrous,  lamellar  60  per  cent.,  granular  40  per  cent. 

Area  at  fracture  7".77x  1"  .38  =  10.72  square  inches. 

Contraction  of  area  9.9  per  cent. 

Opened  crack  21"  from  fracture,  3"  long,  having  fibrous  appearance. 

H.   H.    Pakker, 
Major  of  Ordnance  Commanding. 
Correct.  — J.  E.  Howard. 
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APPENDIX   No.    4. 

Sample  Tests  of  Iron  and  Steel. 

"Steel  made  by  Spang  Steel  and  Iron  Company,  Pittsburgh,  Pa. 

Steel  made  in  Stationary  Furnace.     Accepted. 


Chemical  Analysis. 

Mechanical  Tests. 

.3 

a 

Carbon, 
per  cent. 

Manga- 
nese, 
per  cent. 

Phos- 
phorus, 
percent. 

Elastic 

Limit, 
Pouuds   per 
square  inch 

60  780 

64  100 

65  780 

54  440 
53  540 
53  720 

56  660 
58  120 
58  230 

52  340 
5">  450 

53  050 
;,:;  9110 

55  030 

54  320 

50  998 

51  530 

54  160 
.    50  840 

56  070 

50  730 

49  080 

51  130 

50  090 

61  850 
54H70 

49  450 

55  630 

52  070 

51  510 
51  370 
47  530 
39  920 
44  730 

51  490 

50  070 
54  760 

62  000 

57  500 
60  140 

57  460 
62  200 

52  480 

46  650 

47  030 
47  850 
52  4(hi 

58  290 
R4  000 

52  480 

51  680 
57  200 

53  100 

intimate 

Strength, 

Pounds  per 

square  inch 

Elongation 

in  8  inches, 

per  cent. 

Reduction  of 
Area,  per  cent. 

1 

0.34 
0.35 
0.32 
0.36 
0.34 
0.38 
0.34 
0.32 
0.35 
0.31 
0.33 
0.32 
0.36 
0.34 
0.32 
0.35 
0.35 
0.31 
0.32 
0.40 
0.35 
0.36 
0.37 
0.34 
0.31 
0  38 
0.35 
0.31 
0.30 
0.35 
0.36 
0.15 
0.16 
0.16 
0.35 
0.37 
0.32 
0.31 
0.30 
0.30 
0.37 
0.33 
0.39 
0.16 
0.16 
0.36 
0.34 
0.39 
0.33 
0.39 
0.40 
0.35 
0.30 

0.400 
0.510 
0.530 
0.622 
0.508 
0.610 
0.450 
0.381 
0.580 
0.607 
0.618 
0.726 
0 .  650 
0.454 
0.509 
0.520 
0.505 
0.540 
0.639 
0.643 
0.462 
0.412 
0.441 
0.480 
0.621 
0.588 
0.510 
0.353 
0.470 
0.570 
0.610 
0.470 
0.428 
11.449 
0.540 
0.530 
0.460 
0.560 
0.620 
0.570 
0.580 
0.590 
0.610 
0.410 
0.400 
0 .  520 
0.590 
0.620 
0.577 
0.610 
0.620 
0.570 
0.530 

83  970 
S9  920 
87  030 
83  620 
79  780 
83  220 

87  600 
79  790 

88  0^0 

81  800 

79  810 

80  880 

83  810 

82  070 

80  510 

81  350 
81  690 

84  520 

81  010 
84  540 

79  900 

80  630 

79  550 

80  010 

84  110 

85  620 
79  430 
85  730 

82  650 

83  650 

84  720 
68  880 
61  010 
66  000 
83  640 
79  300 

85  330 

83  900 
82  400 

81  640 

84  410 

89  980 
79  520 
66  210 
66  920 

85  300 
79  500 

86  350 
84  000 

79  520 

80  000 

87  200 
79  300 

18.75 
18.25 
15.62 
20.37 
19.25 
20.37 
19.37 
21.00 
18.50 
17 .  75 
21.25 
20.00 
18.75 
19.50 
21.25 
18.75 
18.12 
21.87 
18.12 
17.50 
18.37 
20.50 
19.75 
17.50 
19.00 
17.50 
19.37 
16.75 
18.75 
15.75 
19.50 
23.12 
25.50 
24.25 
15.62 
18.00 
17.12 
20.00 
16.80 
22.25 
15.87 
20.75 
22.75 
28.12 
24 .  75 
20.75 
16.75 
19.25 
19.37 
22 .  75 
21.25 
18.50 
18.40 

46.52 

2 

41.20 

3 

41.46 

4 
5 
6 
7 

0.090 
0.099 
0.099 

39.24 
43.62 
39.43 
36.53 

8 

45.36 

9 

34.55 

10 

86.80 

11 

42.60 

12 

37.60 

13 

35.40 

14 

43.60 

15 

40.80 

16 

37.60 

17 
18 

0.105 

34.90 
35.60 

19 
20 
"21 

0.090 
0.099 

38.90 
33.20 
32.70 

22 
23 

0.098 

33.10 
35.30 

24 

32.90 

25 

36.80 

26 

27 
28 

0.080 
0.082 

35.00 
45.50 
38.00 

29 

34.80 

30 

31.30 

31 

33.40 

^32 
<33 

0.099 

48.70)  „.   „f 
56.80  U^ 

|»4 

45.50)  SteeL 

35 

30.70 

36 

32.40 

37 

30.10 

38 

40.90 

39 

31.60 

40 

40.70 

41 
42 
43 

0.098 

32.20 
38.40 
37.70 

(44 

(45 
46 
47 

56.401  Rivet 

0.080 

56.40)  Steel. 
36  30 

36.70 

48 

36.30 

49 

31.60 

50 

51 

37.70 
37.70 

52 
53 

0.106 

30.00 
30.30 
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Steel  made  in  Stationary  Furnace.     Accepted. 


Chemical  Analysis. 

Mechanical  Tests. 

a 

Carbon, 
percent. 

0.36 
0.38 
0.32 
0.32 
0.35 
0.32 
0.32 
0.32 
0.38 
0.35 
0.30 
0.30 
0.35 
0.32 
0.30 
0.36 
0.30 
0.36 
0.31 

Manga- 
nese, 
per  cent. 

Phos- 
phorus, 
per  cent. 

0.102 

Elastic 

Limit, 
Pounds  per 
square  inch 

Ultimate 

Strength, 

Pounds  per 

square  inch 

Elongation 

in  8  inches, 

per  cent. 

Keduction  of 
Area,  per  cent. 

54 
55 

0.600 
0.580 
0.560 

0.r.90 

0  620 
0.530 
0.510 
0.530 
0.590 
0.540 
0  530 
0.490 
0.580 
0.530 
0.500 
0.590 
0.570 
0.620 
0.610 

54  000 

52  000 

56  300 

53  320 

53  500 

57  500 

56  600 

58  700 

57  700 

50  900 

51  900 

54  000 
53  400 

51  130 
53  400 

58  270 

52  210 
58  440 
58  590 

83  100 

81  000 
90  200 
87  530 

83  900 

84  800 
S3  3(10 

85  300 
87  600 
79  600 

79  500 

80  200 

84  040 
83  600 
78  900 

86  500 
89  350 
80  200 

85  780 

18.75 
20.62 
17.37 
19.00 
19.20 
20.00 
19.00 
18.62 
16.25 
19.10 
19.50 
16.75 
16.50 
16.25 
16.70 
19.50 
21.50 
18.50 
16.75 

33.00 
34.20 

56 

31.50 

57 

34.40 

58 
59 
60 

0.094 
0.103 

36.80 
33.30 
37.30 

61 
62 

0.077 

31.50 
31.30 

63 

36.90 

64 
65 
66 

0.096 

33.40 
36.90 
31. 3  J 

67 
68 
69 
70 

0.085 
0.088 

32.20 
33.70 
31.20 

37.20 

71 

31 .  50 

72 

0.086 

33.40 

Steel  made  in  "  Pernot  "  Furnace.     Accepted. 


73 

74 

0.31- 
0.35 
0.32 
0.34 
0.34 
0.38 
0.40 
0.30 
0.38 
0.35 
0.31 
0.35 
0.38 
0.38 
0.36 
0.37 
0.37 
0.35 
0.36 
0.39 
0.31 
0.36 
0.35 
0.35 
0.36 
0.36 
0.41 
0.36 
0.40 
0.35 
0.35 
0.35 
0.37 
0  35 
0.38 
0.32 
0.30 
0.35 
0.35 

0.567 
0.554 
0.585 
0.579 
0.617 
0.600 
0.620 
0.610 
0.480 
0.400 
0.540 
0.400 
0.592 
0.573 
0.511 
0.492 
0.490 
0.550 
0.450 
0.598 
0.450 
0.600 
0.555 
0.640 
0.620 
0.620 
0.640 
0.550 
0.600 
0.570 
0.540 
0.510 
0.479 
0.500 
0.490 
0.600 
0.460 
0.567 
0.650 

0.099 

55  170 

57  610 
51  790 

51  240 

52  070 

51  260 

52  350 
50  040 
50  450 

50  020 

51  400 
50  020 

54  250 

50  870 

52  350 

51  260 

52  080 
60  601) 

58  700 
57  260 
51  790 
51  060 

51  600 

50  930 

52  310 
49  990 

55  840 

51  370 

52  630 

53  610 
49  540 
52  630 
55  480 

51  370 

52  610 
49  380 
52  220 
55  080 
51  400 

80  610 
87  630 

82  370 

81  750 
85  130 

85  510 

83  720 

79  670 

8 1  590 

82  160 

8 1  560 

82  160 

83  660 

82  210 
81  920 

80  340 

81  400 

84  130 
81  050 

86  760 
79  690 

84  520 

85  780 
79  540 

83  700 
81  090 
90  010 
81  850 

86  380 

79  740 

80  390 

81  490 
89  210 

84  100 

80  990 

78  850 

79  050 

81  600 

85  880 

18.75 
18.00 
18.00 
18.50 
18.12 
20.25 
19.87 
20.75 
18.75 
21.25 
19.50 
21.25 
20.00 
22.00 
24.25 
19.25 
21.62 
18.25 
17.50 
16.62 
22.87 
19.00 
18.12 
20.50 
21.50 
20.00 
16.75 
18.75 
18.12 
17.75 
21.25 
17.25 
18.00 
20 .  50 
15.62 
18.00 
19  50 
21.00 
17.25 

32.02 
35.00 
34.80 
40.50 
39.00 
34.10 
35.80 
38.70 
33.70 
33.20 
33.00 
33.20 
34.30 
33.40 
42.50 
36.40 
42.40 
41.00 
37.60 
31.30 
41.10 
31.30 
31.10 
36.00 
32.50 
32.80 
32.30 
34.90 
36.20 
32.30 
39.10 
32.70 
35.70 
37.20 
32.00 
39.30 
44.50 
30  40 
30.50 

75 

76 

77 
78 

0.098 

79 

80 
8t 

0.099 

82 
83 

0.099 

84 
85 

0.099 

86 

87 

88 

89 

90 
91 

0.093 

92 

93 
94 

0.101 

95 

96 

97 

98 

99 

100 

101 

102 

103 

0.096 

104 

105 

106 

107 

108 

109 

110 
111 

0.074 
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Steel  used  for  Pins,  Manufactured  by  Cambria  Company, 
Johnstown,  Pa.     Made  in  "  Pernot"  Furnace. 


Chemical  Analysis. 

Mechanical  Tests. 

o 

Carbon, 
per  cent. 

Bfan.gan.ese, 

per  cent. 

Phos- 
phorus, 
per  cent. 

Elastic 

Limit, 

Pounds    per 

square  inch 

Ultimate 

Strength, 

Pounds  per 

square  inch 

Elongation 

in  8  inches, 

per  cent. 

Reduction 
of  Area, 
per  cent. 

112 

0.40 
0.36 
0.40 
0.32 
0.34 

49  795 
54  039 

50  072 

51  210 
53  050 

79  940 
87  140 

80  744 
83  985 

20.87 
19.00 
19.12 
20.37 

40.80 

113 

33.10 

114 

31.90 

115 

34.40 

116 

84  760                19.12 

35.30 



Steel    Manufactured   by  Spang    Steel  and    Iron    Company,   Pitts- 
burgh, Pa. 
Steel  Made  in  Stationary  Furnace.     Rejected. 
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Steel  Made  in  Stationary  Furnace.     Eejected. 


Percentage 

of 

Carbon. 


•  Elastic  Limit, 

Pounds 

Per  Square  Inch. 


Ultimate  Strength, 

Pounds 

Per  Square  Inch. 


Elongation 
n  8  inches, 
Per  Cent. 


Reduction 

of  Area, 
Per   Cent. 


41 

0.30 

42 

0.33 

43 

0.33 

44 

0.41 

45 

0.30 

46 

0.33 

47 

0.36 

48 

0.33 

49 

0.36 

50 

0.35 

51 

0.33 

52 

0.36 

53 

0.35 

54 

0.30 

55 

0.39 

56 

0.45 

57 

0.43 

58 

0.33 

59 

0.27 

60 

0.37 

61 

0.34 

62 

0.35 

63 

0.32 

64 

0.35 

65 

0  32 

44  640 

49  260 
48  440 
51  110 

50  320 
56  070 
53  190 

50  330 
65  710 

64  260 

51  370 
59  030 

65  040 

52  770 

66  140 

56  500 

53  800 
52  900 
50  000 
59  800 

57  000 

54  200 
52  610 

55  100 
52  590 


79  020 
77  080 
77  460 
85  940 

76  610 

85  180 

86  780 

75  980 

94  390 

95  720 

77  880 

91  330 

92  570 

76  350 
98  390 

93  190 

87  600 

79  700 

78  200 
95  100 
91  200 

80  800 
82  240 
86  000 
76  770 


19.50 
19.75 
19.62 
16.00 
21.87 
16.25 
13.00 
20.50 
17.87 
13.75 
21.62 
14.75 
16.50 
19.00 
16.87 
11.25 
14.25 
13.75 
23.25 
14.60 
13.50 
16.25 
13.75 
13.80 
21.75 


38.9 
39.0 
39.1 
23.0 
38.4 
27.0 
25.3 
34.9 
28.3 
18.3 
40.4 
26.2 
30.2 
34.4 
25.5 
17.7 
18.7 
18.7 
40.4 
23.0 
18.7 
26.8 
26.5 
23.7 
42.1 


Steel  Made  in   "Pernot"  Furnace.     Eejected. 


67 

0.31 

40  400 

75  820 

15.00 

32.8 

68 

0.28 

48  660 

74  150 

21.25 

46.2 

69 

0.32 

48  530 

76  750 

21.26 

43.6 

70 

0.31 

44  910 

70  420 

19.50 

45.7 

71 

0.28 

44  790 

73  570 

21.87 

43.4 

72 

0.31 

50  200 

78  800 

17.50 

36.2 

73 

0.29 

50  530 

76  960 

21.87 

46.6 

74 

0.42 

55  990 

90  570 

23.50 

16.5 

75 

0  35 

56  290 

89  080 

8.75 

8.8 

76 

0.36 

45  520 

74  990 

20.62 

36.9 

77 

0.30 

47  160 

73  140 

20.62 

44.3 

78 

0.36 

49  540 

77  420 

20.62 

35.3 

79 

0.38 

47  160 

76  350 

21.87 

36.5 

80 

0.34 

56  950 

92  250 

15.62 

24.9 

81 

0.43 

51  510 

85  420 

15.50 

26.8 

82 

0.32 

51  370 

82  950 

12.50 

25.4 

83 

0.25 

57  320 

85  870 

16.62 

28.8 

84 

0.32 

50  000 

82  750 

12.50 

28.5 

85 

0.30 

45  920 

74  810 

21.62 

38.8 

86 

0.25 

41  230 

64  950 

22.50 

49.8 

87 

0.31 

45  690 

74  970 

22.37 

43.5 

88 

0.31 

53  680 

78  310 

16.87 

34.3 

89 

0.33 

50  998 

78  1D3 

18.00 

36.4 

90 

0.34 

44  840 

74  650 

21.62 

41.2 

91 

0.30 

48  700 

74  620 

22.75 

36.9 

92 

0.31 

51  400 

75  5S0 

22.87 

46.7 

93 

0.35 

46  900 

72  880 

22.25 

36.2 

94 

0.33 

47  990 

73  102 

20.75 

38.5 

95 

0.45 

53  310 

92  620 

12.75 

14.5 

96 

0.33 

46  530 

79  700 

16.25 

28.7 

97 

0.34 

48  750 

88  140 

15.00 

22.5 

98 

0.36 

56  420 

91  660 

15.12 

29.5 

99 

0.35 

48  830 

77  950 

20.25 

37.6 

100 

0  32 

50  040 

76  780 

23.00 

38.6 

101 

0.39 

53  190 

86  780 

13.00 

25.3 

102 

0.43 

50  930 

82  390 

13.12 

24.2 

103 

0.45 

50  930 

85  990 

12.25 

18.8 
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Steel  Made  in  "Pernot"  Furnace.     Rejected. 


Percentage 

Elastic  Limit, 

Ultimate  Strength, 

Elongation 

Reduction 

S3 

3 

of 

Pounds 

Pounds 

in  8    inches, 

of  Area, 

Carbon. 

Per  Square   Inch 

Per  Square  Inch. 

PerCent. 

Per  Cent. 

104 

0  30 

50  070 

86  160 

9.25 

9.4 

105 

0.32 

48  701 

76  020 

22.50 

39.4 

106 

0.37 

50  900 

77  6(10 

2 1 .  75 

37.3 

107 

0.35 

52  070 

80  520 

6.50 

9.0 

103 

0.36 

58  750 

79  010 

5.75 

5.1 

109 

0.35 

51  530 

78  400 

15.26 

21.0 

110 

0.34 

48  040 

77  260 

21.87 

36.4 

111 

0.40 

62  270 

91  090 

9.00 

22.8 

112 

0.53 

55  480 

98  (i20 

10.25 

22.8 

113 

0.37 

50  040 

78  330 

8.00 

20.0 

114 

0.27 

43  400 

69  330 

25.00 

37.2 

Ikon  Manufactured  by  Graff,  Bennet  &  Co.,  Pittsburgh,  Pa. 


CD 

£3 

Material. 

.2     «' 

i«.s 

o        cd 

=«     H< 

< 

Elastic  Limit, 
pounds  per 
square  inch. 

Sc 

c  £  o 

|s| 

p 

O   flJ-P 

So  « 

fl™  CO 

2.     p. 

Reduction 

of  area, 
per  cent. 

1 

2 

If"  X  6"  bar 

1J"  X  6"     '•   

0.7775 

1.152 

1.2773 

0.8090 

0.8043 

0.6263 

0.6277 

0 . 7995 

0.7885 

0.4990 

0.6232 

0.3705 

0.3735 

l.:i96 

1.4068 

1.2670 

1.278 

1.250 

1.255 

1.0207 

1.285 

1.176 

0.7476 

0.3761 

O.lt'.tOl 

0.5030 

30  540 

30  380 

31  710 
30  280 

29  220 
34  320 
34  250 

28  890 

27  250 

30  460 
33  050 

31  850 
30  120 

29  730 

30  920 
30  380 
30  520 

28  000 
'JSCSII 

28  410 
27  2411 
27  210 

29  420 

30  580 

32  830 
30  810 

52  410 
51  740 
51  440 

51  300 
47  250 

52  850 

53  210 
50  660 
47  560 

47  500 
50  220 

48  300 

48  210 

49  050 

50  820 
49  330 
49  090 
49  200 

48  840 

49  770 
46  770 
45  400 

50  490 
50  410 

49  730 

50  790 

21.62 
20.25 
17.50 
25.87 
16.75 
15.62 
21.62 
27.50 
18.75 
13.12 
14.50 
14.00 
14.37 
21.50 
25.00 
23.00 
22   75 
29.00 
24.00 
18.50 
17.00 
11.00 
17.25 
10.50 
11.50 
13.00 

28.9 
25.9 

3 

1J"  X  6"     "   

21.1 

4 

Ig"  X  7"     "  

28.6 

5 

1£"  X  7"     "  

32.8 

6 

1£"  x  7"     "  

19.3 

'7 

1J"  X  7"     "   

23.9 

8 

1  ■"  X  7'      "    

40.1 

9 

lg"  X  7"     "   

20  4 

10 

IV  X  (V  plate 

20.5 

11 

f  X  G"     "     

20.3 

12 

30"  X    g"  "     

19.1 

13 

30"  X     |"   "      

19.6 

14 

7"  X  lg"  bar 

27.3 

15 

7"  X  l|"      "    

29.7 

16 
17 
18 

7"  X  1|"    "  

7"  X  1J"     " 

8"  X  IV     '■   

25.0 
25.2 
38.4 

19 

8"  X  l|"     "  

27.5 

20 

8"  x  lg"     *'   

27.8 

'21 
22 

6"  x  ^\■■    -  

6"  X  lj       "   

21.5 
16.0 

23 

15"  X     |"  plate 

20.4 

24 

125 

16"  X     g"      "      

16"  X     8"     "     

8.5 
14.9 

26 

16"  x   r    "    

15.4 

Iron  Manufactured  by  Atkins  Brothers,  Pottsville,  Pa. 


27 

3i"  X  5"  X  A"  1  

0.5575 

0.6734 

0.231 

0.221 

0.265 

0.368 

26  200 

28  070 

29  000 
29  410 
29  260 

27  000 

48  200 
48  860 
55  410 

53  400 

54  740 
53  670 

17.12 
16.40 
13.25 
12.50 
14.00 
13.25 

19.0 

28 

18.0 

29 

28.0 

30 

17.0 

31 

10"  [,50  lbs.  "        '•   

17.0 

32 

9"  X  g"  plate 

17.0 
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APPENDIX  No.  5. 
Report   of  Testing   Committee. 


New  York,  July  15th,  1884.. 
Charles   C.   Schneider,  Esq., 

Chief  Engineer  Niagara  River  Bridge  Company. 

Dear  Sir, — On  the  occasion  of  the  formal  opening  on  December  20th, 
1883,  of  the  great  Cantilever  Bridge,  built  under  your  direction  across 
the  Niagara  River,  we  were  requested  by  you  to  act  as  a  committee  of 
engineers,  to  observe  the  tests  made  of  the  bridge.  Various  circum- 
stances, among  which  may  be  enumerated  the  very  unfavorable  weather 
and  the  large  crowd  of  visitors,  disturbed  the  accuracy  of  the  observa- 
tions to  such  an  extent  that  we  did  not  feel  prepared  to  make  more  than 
a  very  indefinite  report,  and  requested  an  opportunity  to  make  another 
examination  on  some  later  occasion.  The  observations  made  on  the  20th 
of  December  indicated  a  maximum  deflection  of  6i  inches  at  the  ends 
of  the  intermediate  span  under  a  maximum  load. 

On  Monday,  June  9th,  1884,  the  desired  opportunity  was  afforded  to 
us  for  a  second  examination,  the  bridge  being  placed  at  our  disposal  from 
9  a.  m.  till  noon,  and  the  tests  being  conducted  in  a  quiet  manner,  with- 
out the  attendance  of  visitors.  The  test  load  consisted  of  two  trains  of 
cars  loaded  with  gravel,  each  drawn  by  two  locomotives.  The  train  on 
the  north  track  was  drawn  by  Michigan  Central  locomotives  Nos.  400 
and  417,  and  that  on  the  south  track  by  locomotives  Nos.  421  and  424; 
the  weights  of  these  locomotives  were  reported  as  follows  : 


No.  of 
Engine. 

Weight 

of 
Engine. 

Weight  of  Tank 

with 
Coal  and  Water. 

Total  Weight 
of  Engine 
and  Tank. 

North  track. 
Total.... 

•] 

400 
417 

88  800  lbs. 
88  000     " 

176  800  lbs. 

70  100  lbs. 
77  700     " 

147  800  lbs. 

158  900  lbs. 
165  700     " 

324  600  lbs. 

South  track . 

1 

84  000  lbs. 

85  000     " 

63  000  lbs. 
53  000     " 

147  000  lbs. 
138  000     " 

Total 

169  000  lbs. 

116  000  lbs. 

285  000  lbs. 

Each  locomotive  occupied  about  55  feet. 

The  gravel  cars  had  been  loaded  so  as  to  make  the  weight  upon  them 
as  nearly  as  possible  a  gross  ton  per  foot  ;  the  trains  were  long  enough 
to  cover  the  entire  structure. 

Rods  had  been  set  up  at  the  six  points  designated  on  Plate  LXIV 
accompanying  this  report;  these  rods  being  of  wood,  painted  white,  and 
with  iron  bases,  which  rested  directly  on  the  iron-work  of  the  structure. 
The  observations  on  the  south  truss  were  made  with  an  astronomical 
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telescope  with  a  2-^-inch  object  glass  of  30-inch  focal  length,  fitted 
with  cross  hairs  especially  for  this  work,  and  which  was  kept  fixed  on  a 
foresight.  The  observations  on  the  north  truss  were  taken  with  an  ordi- 
nary engineer's  level.  The  observers  sighted  on  pencil  points  held  by 
the  markers,  who  marked  the  reading  directly  on  the  rods,  from  which, 
on  the  completion  of  the  observations,  the  record  was  taken;  the  rods 
themselves  remaining  as  a  permanent  record.  Seven  sets  of  observations 
were  taken  as  follows  : 

Observation  A  :  Head  of  train  at  west  anchorage. 

Observation  B  :  Head  of  train  at  point  5  (west  tower). 

Observation  C  :  Head  of  train  at  point  4. 

Observation  D  :  Head  of  train  at  point  3. 

Observation  E  :  Head  of  train  at  point  2  (east  tower). 

Observation  F  :  Head  of  train  at  east  anchorage  (whole  bridge  cov- 
ered). 

Observation  G  :  Cars  removed  west  of  point  2,  leaving  two  engines 
and  three  cars  on  east  cantilever  arm. 

The  train  on  the  north  track  was  then  allowed  to  go,  and  a  set  of 
observations  was  taken  with  a  train  on  the  south  track  only  ;  these 
observations  were  as  follows  : 

Observation  H  :  Head  of  train  at  point  5  (west  tower). 

Observation  I  :  Head  of  train  at  point  4. 

Observation  J  :  Head  of  train  at  point  3. 

Observation  K  :  Head  of  train  at  point  2  (east  tower). 

The  train  was  then  allowed  to  depart,  and  observations  were  taken 
with  the  bridge  free  from  load. 

Tbe  results  of  these  observations  are  shown  graphically  on  Plates 
Nos.  LXV  and  LXYI  accompanying  this  report. 

These  diagrams  show  slight  changes  at  different  points,  generally  not 
exceeding  £  inch;  they  are  small  in  amount  and  irregular  in  character; 
they  may  represent  the  measure  of  the  inaccuracy  in  the  observations 
taken. 

Neglecting  these  small  irregularities,  the  results  of  the  test  may  be 
summarized  as  follows  : 

The  greatest  observed  deflection  in  the  shore  arms  of  the  cantilevers 
was  in  the  south  truss,  at  the  east  end,  under  the  conditions  of  observa- 
tion G,  being  l-;]  inches,  and  the  greatest  observed  elevation  of  the  same 
point,  under  the  conditions  of  observation  E,  being  j]  inches,  showing 
a  total  vertical  motion  in  this  point  of  2£  inches.  The  greatest  observed 
deflections  at  points  3  and  4,  being  the  river  arms  of  the  cantilevers,  oc- 
curred in  the  north  truss  at  point  3  (west  end  of  river  arm  of  American 
cantilever),  under  the  conditions  of  observation  E,  being  7-/V  inches; 
the  greatest  elevation  occurred  under  the  conditions  of  observation  G, 
being  1*  inches,  showing  a  total  vertical  motion  at  this  point  of  8-ri 
inches.  The  changes  at  points  3  and  4,  that  is,  the  river  ends  of  the 
cantilevers,  occurred  under  conditions  which  followed  each  other  so 
rapidly  that  the  change  is  readily  noticed  by  a  careful  observer  ;  these 
changes,  however,  are  strictly  in  accordance  with  the  laws  of  the  structure, 
and  as  they  should  be. 

The  observations  with  a  load  on  one  track  only  were  made  for  the 
purpose  of  determining  how  far  the  weight  on  a  single  track  is  carried 
by  the  two  trusses.  The  distance  between  the  centei-s  of  the  trusses  is 
28  feet  ;  the  distance  between  centers  of  tracks  is  13  feet,  so  that  if  no 
weight  were  transferred  by  the  vibration  rods  and  floor  connections,  73 
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per  cent,  of  the  load  on  one  track  would  be  carried  by  the  adjoining 
truss,  and  27  per  cent,  by  the  opposite  truss.  Under  the  conditions  of 
observation  J,  the  deflection  of  the  south  truss  was  4  inches  and  that  of 
the  north  truss  2||  inches,  showing  that  66  per  cent,  of  the  load  only 
was  carried  by  the  adjoining  truss.  Under  the  conditions  of  observation 
K,  the  deflection  at  point  3  was  4£  inches  in  the  south  truss,  and  2f£ 
inches  in  the  north  truss,  which  indicates  that  just  40  per  cent,  of  the 
total  load  was  carried  by  the  north  truss  and  60  per  cent,  by  the  south 
truss.  This  indicates  that  one-eighth  of  the  total  load  (73  p.  c.  —  60  p.  c.) 
is  transferred  by  the  diagonals  and  floor  connections,  and  taking  the 
maximum  load  at  half  the  weight  of  a  locomotive,  or  80  000  pounds,  the 
amount  of  the  weight  which  one  set  of  diagonals  maybe  called  on  to  trans- 
fer is  10  000  pounds,  which  may  produce  a  strain  in  the  vibration  rods  of  the 
central  span  of  17  400  pounds,  which  is  equivalent  to  11  200  pounds  per 
square  inch  ;  this  strain  is  within  the  limits  of  good  practice.  Kough 
observations  showed  that  this  transfer  of  weight  from  one  truss  to  an- 
other was  accompanied  by  a  corresponding  side  movement  in  the 
trusses,  and  by  a  slackening  of  one  of  the  diagonals  ;  this  is  as  it 
should  be. 

Observations  taken  at  the  first  panel  point  from  the  west  anchorage, 
at  the  connection  between  the  inclined  end-post  and  the  bottom  chord, 
showed  a  maximum  depression  of  |f  inches  under  the  conditions  of  ob- 
servation B,  and  a  maximum  elevation  of  §  inches  under  a  special  condi- 
tion when  the  train  covered  the  entire  bridge  east  of  the  western  tower, 
this  observation  being  taken  between  observations  F  and  G,  thus 
showing  a  total  vertical  motion  of  1-fc  inches  at  this  point ;  the  results 
of  the  observations  at  these  points  are  given  in  detail  on  sheet  marked 
Appendix  A. 

During  observations  B  to  G,  an  examination  was  made  by  Mr.  Arthur 
V.  Abbott  of  the  elongations  under  strain  of  the  two  diagonals  which 
unite  on  a  single  connection  at  the  shore  arm  of  the  eastern  cantilever  ; 
the  result  of  these  observations  and  the  equivalent  strains  on  an  assumed 
modulus  of  elasticity  of  26  000  000  are  given  in  Appendix  B.  It  will 
be  observed  that  under  those  conditions  in  which  the  strains  were  any- 
where approaching  to  a  maximum  the  two  bars  worked  very  closely 
together,  the  differences  not  exceeding  those  noted  by  the  gauges  before 
observation  D,  which  was  the  first  condition  under  which  any  strain  was 
to  be  expected  from  weight  of  moving  load. 

So  far  as  could  be  ascertained,  the  bridge  returned  to  precisely  its 
original  position  when  the  loads  were  removed. 

There  are  one  or  two  matters  to  which  we  think  your  attention  should 
be  called. 

The  first  is  the  condition  of  the  anchorages.  The  anchor  bolts  at 
the  south  end  of  the  eastern  anchorage  are  a  little  slack,  allowing  a  ver- 
tical motion  of  £  inch  in  the  pin  at  the  head  of  the  anchorage.  The  wall- 
plate  castings  on  the  west  anchorage  have  never  been  properly  packed, 
but  are  set  up  on  a  series  of  small  shim  plates,  a  slight  disturbance  of 
which  would  leave  a  play  in  the  anchor  rods.  The  anchor  rods  of  all 
the  anchorages  should  be  carefully  adjusted  so  as  to  make  sure  that  they 
are  all  uniformly  tight  and  there  is  no  motion  in  the  anchor  pins.  The 
bearings  of  the  castings  at  the  west  end  ought  to  be  thoroughly  packed 
so  as  to  prevent  any  future  disturbance  ;  before  this  is  done,  an  obser- 
vation ought  to  be  made  of  the  play  of  the  pins  in  the  west  anchorage, 
which  could  easily  be  done  by  removing  the  nuts  from  the  pins  and 
watching  them  when  any  ordinary  train  crosses. 
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Second. — The  bridge  has  been  standing  long  enough  to  make  it  im- 
portant that  a  competent  man  should  examine  the  condition  of  all  the 
adjustable  parts  in  detail,  and,  if  they  are  out  of  adjustment,  correct 
them;  it  is  better  that  this  should  not  be  done  at  all  than  that  it  should 
be  done  by  any  one  not  familiar  with  this  class  of  work. 

Tltird. — The  condition  of  the  slopes  of  the  chasm  under  the  shore 
arms  of  the  cantilevers  is'  such  that  more  or  less  small  stones  roll  down 
from  time  to  time,  some  of  which  have  struck  against  the  iron-work; 
they  have  done  no  harm,  but  heavy  stones  might  do  serious  injury,  and 
it  would  be  expedient  to  clean  the  slopes  and  even  them  off  in  good 
shape  around  the  masonry. 

In  conclusion,  we  wish  to  say  that  the  behavior  of  the  bridge  under 
the  test  made  on  June  9th  (and  also  under  the  test  of  December  20th, 
so  far  as  the  latter  could  be  observed)  was  a  satisfactory  one,  and  we 
consider  the  .Niagara  Cantilever  Bridge  a  successful  example  of  what  may 
be  termed  a  novel  system  of  construction.  While  recognizing  the  fact 
that  cantilever  bridges  have  been  built  before,  and  have  been  advocated 
by  able  engineers  for  many  years,  we  think  it  fair  to  say  that  we  know 
of  no  other  structure  in  which  the  distinguishing  features  of  the  canti- 
lever have  been  so  fully  carried  out  in  the  details  which  exemplify 
American  principles  of  construction.  We  congratulate  you  upon  the 
successful  completion  of  the  structure. 

Respectfully  yours, 

Geo.  S.  Morison, 
Thomas  Ridotjt, 
Theodore  Cooper, 
Charles  Macdonald. 
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APPENDIX  A. 

Observations  on  west  end  of  Cantilever  Bridge  taken  at  bottom  of 
end-posts. 

Load  on  Both  Tracks. 


South  Side. 

Observation  A. — Bridge  unloaded. 

B. — Depression,  \%-"  below  unloaded  bridge. 
C—         "  0" 

D. — Elevation,    tV'  above 
K—       "  A"       " 

F  —       "  -8V       " 

Special —        "  %  "       " 

/"*  "  JL-"  " 


Observation  U.—  Depression, 

a— 

D.  —  Elevation, 
E.— 
F  — 
Special. —  " 

G.— 


North  Side. 

xl"  below  unloaded  bridge. 

£  "  above 
i"       " 


Load  on  One  Track. 

South  Side. 

Observation  A. — Bridge  unloaded. 

"  H. —  Depression,  \\"  below  unloaded  bridge. 

I.—  "  tV"       " 

"  J. — Elevation,      J "  above  "  " 

K—        "  i" 


North  Side. 

Observation  H. — Depression,  tV'  below  unloaded  bridge. 
"  I. — Elevation,     tV"  above         "  " 

"  J.—         "  i"       "  "  " 

K.—        "  i"       " 
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APPENDIX  B. 

Results  of  observations  on  the  tension  members  of  the  Niagara 
Cantilever  Bridge,  made  at  the  test  of  June  9th,  1884. 

Two  verniers  were  used,  each  extending  over  5  feet  of  the  bar  under 
examination,  and  reading  to  .00001  foot.  The  following  readings  are 
reduced  to  millionths  of  a  foot  for  1  foot  of  bar,  the  observations  being 
lettered  to  correspond  with  those  on  Diagram  No.  2. 
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The  modulus  of  elasticity  is  taken  at  26  000  000. 
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Results  of  observations  on  movements  of  the  anchorage  connecting 
links  at  the  south  side  of  the  American  anchorage.  Length  of  links  36 
inches. 
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PLATE    LXV. 
TRANS.  AM.  SOC.  CIV.  ENC'RS. 
VOL.  XIV.     No.  317. 


Diagram  N22. 

Deflections  of  Niagara  Cantilever 

Both  Trusses  loaded  withTrains  extending  over  spaces 
indicated  by  the  heavy  lines 
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South 
North 


C    South 
*~   North 


p.    South 
LJ    North 


p    South 
*-   North 


South 
North 


G 


South 
North 


6  .5  4  3  2  A 

Horizontal  5cale,1  Inch  =150FEET.      VerticalScale,^  full  size  . 

Note  The  lines  marked  1,2,5. 4,5  &  6  correspond  with  the  target  numbers  in  Diagram  h°A. 


SCHNEIDER  ON 

CANTILEVER    BRIDCE 

AT  NIACARA  FALLS. 


PLATE    LXVI. 
TRANS.  AM.  SOC.  CIV.  ENC'RS. 
VOL.  XIV.     No.  317. 


Diagram   N23. 


DeflectionSofNiagara  Cantilever 

5  outh,  Truss  only   loaded,  Train  covering  spaces 
INDICATED  BY  THE  HEAVY    LINES. 


6  5  4  3  Z  \ 

Horizontal  Scale.,-)  Inch  =  I50Feet.      Vertical  Scale,  ^  full  si  ze  . 

Note.  The  LINES   MARKED  1,2,5,^,5  &6  CORRESPOND  with  The  TARGET  numDERS  in  DlAGRAM   N2  i. 


DISCUSSION   ON 

THE  CANTILEVER  BRIDGE  AT  NIAGARA  FALLS. 


Discussions  Pkesented  at  Meeting  of  May  20th,  1885. 


James  Christie,  M.  Am.  Soc.  C.  E. — The  propriety  of  using  such 
hard  steel  (.34  to  .42  carbon)  in  bridge  members  is  at  least  questionable, 
and  recent  experience  with  this  metal  does  not  dispel  the  doubt.  There 
is  always  a  probability  of  portions  of  the  steel  becoming  partially  tem- 
pered or  unequally  annealed,  and  thus,  in  the  mass,  possessing  very 
different  physical  properties  from  that  exhibited  by  small  specimens. 

The  tensile  tests,  as  recorded  by  Mr.  Schneider,  show  strength  at  the 
elastic  limit  varying  from  48  000  to  66  000  pounds  per  square  inch,  or 
an  elevation  of  nearly  40  per  cent,  of  the  strongest  over  the  weakest 
specimens,  and  this  in  steel  so  carefully  selected  that  nearly  60  percent, 
of  the  heats  were  rejected.  As  steel  is  known  to  be  equally  variable  in 
compressive  elasticity,  we  cannot  expect  harmonious  resistance  from  a 
single  member,  possibly  composed  of  a  number  of  such  unequal  parts, 
even  if  the  material  is  capable  of  surviving  manipulation  in  the  work- 
shop without  deterioration.  In  the  case  of  the  Glasgow  Bridge  steel 
column,  tested  at  "Watertown,  the  member  failed  under  a  pressure  one- 
third  less  in  amount  than  would  be  expected,  judging  by  tests  of  its  con- 
stituent parts,  and  20  per  cent,  less  than  the  compressive  resistance  of 
columns  made  of  iron  channels  and  having  the  same  proportion  of  length 
to  section. 

The  soft  steels  seem  to  be  of  more  uniform  tenacity  than  the  hard 
steels;  the  records  of  a  number  of  tests  of  .10  to  .12  carbon  steel 
show  a  tensile  resistance  at  the  elastic  limit  varying  from  35  000  to  40  000 
pounds  per  square  inch,  or  only  14  per  cent,  increase  of  the  highest  over 
the  lowest. 

The  soft  steel  bears  manipulation  in  the  workshop  with  less  proba- 
bility of  injury  than  hard  steel,  and  I  know  of  no  evidence  that  it  has 
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exhibited  inferior  resistance  in  built-up  sections,  as  compared  with  the 
individual  parts. 

The  specifications  allow  an  increase  of  load  of  37£  per  cent,  for  steel 
over  iron  compression  members,  which  is  wrong  in  principle,  as  the 
ratio  of  section  to  length  must  be  considered ;  and  if  short  steel  columns 
should  be  proved  trustworthy  under  greater  loads  than  similar  members 
of  iron,  then,  in  applying  Gordon's  formula  to  steel,  all  the  numerical 
co-efficients  used  for  iron  must  be  changed,  just  as  they  have  to  be 
changed  when  substituting  wrought  for  cast-iron. 

Mr.  Schneider  is  to  be  commended  for  the  pains  he  has  taken  to  pre- 
sent to  the  Society  in  such  clear  and  abundant  detail  all  the  facts  con- 
nected with  this  bridge,  which  will  stand  on  record  as  the  pioneer  of  its 
•class. 

It  appears  to  me  that  the  omission  of  diagonals  in  the  tower  panel, 
while  fixing  definitely  the  reactions  at  the  tower,  might  yet  be  open  to 
objection  under  certain  circumstances.  If,  for  example,  a  heavy  train 
should  be  suddenly  stopped  at  mid-structure  by  the  brakes,  the  resulting 
strain  would  be  transferred  in  an  irregular  way  to  the  anchorages  of  the 
cantilevers,  already  under  strain  from  direct  action  of  the  load. 

T.  C.  Clarke,  M.  Am.  Soc.  C.  E. — It  may  be  interesting  to  the 
Society  to  hear  how  the  problem  of  bridging  the  Niagara  River  was 
treated  some  ten  years  since. 

In  the  winter  of  1874-75,  I  was  requested  by  the  Manager  of  the  Great 
Western  Railway  of  Canada  to  report  upon  the  best  mode  of  construc- 
tion, necessary  time  required,  and  cost  of  a  double-track  iron  bridge 
across  the  Niagara  River,  near  the  present  suspension  bridge.  The 
site  had  been  selected  by  John  Kennedy,  M.  Am.  Soc.  C.  E.,  Chief 
Engineer  of  the  Great  Western  Railway,  and  I  was  furnished  by  him 
with  a  plan  and  section  of  the  Niagara  River.  The  site  selected  was  300 
feet  beloAV  the  present  suspension  bridge,  instead  of  above,  as  the  present 
cantilever  is  built.  The  distances  across  the  water  and  at  the  top  of  the 
cliffs  were  such  that  it  was  deemed  prudent  to  locate  the  masonry  piers 
below  430  feet  apart,  and  the  total  length  of  the  bridge  was  825  feet, 
and  the  height  above  water  235  feet.  Borings  on  the  Canada  side  showed 
rock  at  a  depth  of  12  feet  under  the  proposed  dwarf  piers  at  the  water 
edge. 

I  reported  in  May,  1875,  that  I  had  investigated  four  different  plans 
of  construction,  and  advised  the  adoption  of  No.  4. 
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1.  The  first  plan  discussed  was  a  continuous  girder,  to  be  built  by 
corbelling  out  from  each  end,  until  the  parts  met  in  the  center,  -with 
rollers  on  each  pier.     The  estimated  weight  of  this  was  3  200  tons. 


2.  The  second  plan  was  three  discontinuous  girders.  The  loose  cen- 
tral span  was  to  have  been  erected  on  temporary  cables.  Eeducing  the 
weight  of  these  cables  to  their  equivalent  value  in  tons — the  weight  of 
this  design  was  2  8-10  tons. 


3.  The  third  design  was  similar  to  No.  2,  except  that  the  length  of  the 
central  span  was  reduced  from  430  feet  to  300  feet  by  leaning  towers, 
somewhat  like  the  false  Avorks  of  the  Attock  Bridge,  in  India,  lately 
illustrated  in  London  Engineering.  The  estimated  weight  of  this  design 
was  2  590  tons.  This  design  is  only  eclipsed  in  ugliness  by  Max  Am 
Endes'  bridge  in  South  Africa . 


4.  The  recommended  design  was  a  braced  arch,  hinged  in  the  center 


546 


DISCUSSION"   ON   NIAGAKA    CANTILEVER   BRIDGE. 


and  at  the  springing.  The  clear  span  was  430  feet,  and  the  height  of 
versed  sine  175  feet.  The  arches  were  to  have  been  erected  by  corbel- 
ling out  as  was  done  at  St.  Louis.  The  whole  design  was  very  similar  to 
that  since  erected  over  the  Tagus,  in  Portugal.  The  estimated  weight 
of  this  design  was  2  320  tons,  and  the  time  required  fifteen  months.  All 
these  designs  were  intended  to  carry  two  trains  of  coal  cars,  headed  by 
one  locomotive  of  the  heaviest  type. 


In  comparing  this  design  with  the  bridge  as  actually  built,  it  will  be 
seen  that  the  latter  is  simpler  in  general  design  and  in  its  details;  that 
this  allowed  of  its  being  constructed  and  erected  in  half  of  the  time  es- 
timated for  the  arch;  and  that  the  changes  of  lengths  of  parts  due  to 
changes  of  temperature  are  better  provided  for.  The  weights  of  mate- 
rial are  about  the  same,  but  the  arch  piers  are  430  feet  apart,  while 
those  of  the  cantilever  are  480  feet  apart.  In  short,  the  cantilever  de- 
sign is  better  in  every  respect  than  the  arch  as  designed  by  me. 

Without  entering  into  the  delicate  question  of  priority  of  design,  I 
will  say  that  the  first  bridge  involving  the  cantilever  principle  (in  its 
erection,  certainly)  was  built  by  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E., 
over  the  Kentucky  River  in  1876-77,  and  that  its  successful  erection 
without  scaffolding  solved  all  the  difficulties  which  were  subsequently 
met  and  overcome  at  the  Niagara  River. 

The  Niagara  River  Bridge  is  of  better  design  than  that  at  the  Ken- 
tucky River,  inasmuch  as  it  makes  its  piers  fixed  points,  and  allows  its 
trusses  to  expand  and  contract  in  each  direction  from  them  as  centers, 
while  the  Kentucky  River  Bridge  requires  a  movement  of  its  piers,  and 
the  necessity  of  rollers  under  them,  to  provide  for  the  differences  of 
lengths  due  to  changes  of  temperature  of  its  central  span. 


Carl  Gayler,  M.  Am.  Soc.  C.  E.— The  results  of  the  tests   of  the 
Niagara  Cantilever  Bridge,  observed  June  9th,  1884,  and  published  as 
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an  appendix  to  Mr.  Schneider's  paper,  read  March  4th,  1885,  present  some 
interesting  features. 

The  full  load  on  both  tracks  of  the  middle  span  of  470  feet  length 
(see  Plate  LXV)  bends  the  ends  of  the  river  arms  of  the  cantilevers 
down  about  seven  inches  (JE),  and  a  full  load  on  the  shore  spans  alone 
raises  the  same  ends  on  an  average  one  inch  and  a  half  (B  and  O) — a 
total  vertical  movement  of  these  points  of  eight  and  one-half  inches  thus 
being  produced. 

The  side  spans  of  195  feet  length  deflect  under  their  load  over  one 
inch  (B  and  G),  and  are  bent  upward,  if  the  middle  span  is  loaded, 
about  three-quarters  of  an  inch. 

As  the  test  loads  have  not  been  heavier  than  those  generally  applied 
to  important  railroad  bridges  and  viaducts  after  their  completion,  an 
inquiry  into  the  causes  of  these  great  deflections  appears  natural. 

It  has  been  known  that  the  cantilever  bridges  built  on  the  system 
called  from  their  inventor  "  Ordish  Cantilever  Bridges,"  have  shown 
considerable  deflections.  For  instance,  a  roadway  bridge  built  by 
Ordish  in  Prague,  across  the  Moldau,  with  a  center  span  of  400  feet 
length,  deflected  seven  inches  under  a  test  load  of  about  forty  pounds 
per  square  foot  of  roadway,  and  the  explanation  has  generally  been  that 
this  is  due  to  the  extension  of  the  exceedingly  long  tensile  members 
under  strain,  together  with  the  circumstance  that  on  account  of  the 
effects  of  temperature  the  same  cannot  be  made  continuous.  But  this 
explanation  does  not  apply  to  the  new  system  of  cantilever  bridges  in- 
troduced by  Mr.  Schneider,  first  on  his  bridge  over  the  Praser  Paver  in 
Canada,  and  then  on  the  Niagara  Bridge.  The  new  system  has  the  ad- 
vantage over  the  Ordish  system  that,  instead  of  long  cables  over  the  top 
of  a  high  tower,  a  straight  truss  is  introduced,  thus  reducing  the  length 
of  the  tensile  members  to  a  minimum.  But  whatever  is  gained  in  this 
manner  is  lost  again  by  the  fact  that  the  deflection  of  the  center  span 
depends  on  the  stiffness  of  the  side  spans,  whilst  Ordish  transfers  the 
strains  directly  to  the  anchorage. 

An  illustration  of  the  effect  produced  by  supporting  a  truss  in  such 
a  manner  that  its  weight  and  its  loads  are  transferred  on  and  resisted 
by  the  strength  of  the  truss  of  the  adjoining  span,  is  presented  in  the 
tests  of  the  Kentucky  River  Bridge. 

The  trusses  of  the  middle  span  of  the  Kentucky  River  Bridge  (as 
will  be    hardly  necessary  to   explain)  extend  beyond   each   pier,   thus 
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forming  cantilevers.  The  trusses  of  the  side  spans  rest  with  one  end  on 
the  abutments,  their  other  end  being  supported  by  the  projecting  ends 
of  the  trusses  of  the  middle  span.  It  would  naturally  be  supposed  that  a 
full  load  on  the  side  spans  would  show  the  greatest  deflection  near  the 
middle  of  their  length,  as  the  length  of  the  projecting  arms  of  the 
middle  trusses  is  only  75  feet,  and  the  length  of  the  side  trusses  300  feet, 
yet  the  tests  show  the  maximum  deflection  at  the  ends  of  the  cantilevers, 
this  being  caused  by  tbe  bending  upward  of  the  trusses  of  the  middle 
span. 

The  test  loads  of  the  Niagara  Bridge,  as  graphically  represented  on 
Plate  LXV,  though  not  heavier  than  test  loads  generally  are,  are 
certainly  far  in  excess  of  the  ordinary  duty  of  the  bridge,  but  it  has  to 
be  borne  in  mind  that  the  diagram  gives  the  deflections  for  the  different 
positions  of  the  trains  whilst  the  latter  stand  still;  they  do  not  represent 
the  vibrations  and  sudden  changes  which  take  place  under  a  moving 
train. 

A  train  passing  over  the  bridge,  even  at  a  moderate  speed,  has  in  less 
than  one  minute  bent  each  of  the  cantilever  arms  downward  and  up- 
ward; it  has  strained  and  released  again  each  set  of  anchor  bolts  sepa- 
rately; it  has  thrown  the  intermediate  span  of  only  120  feet  length  out 
of  its  horizontal  position,  first  raising  its  nearest  end  one  inch  (iJ, 
Plate  LXVI),  then  pressing  the  same  end  down  three  or  four  inches 
(/,  Plate  LXVI),  and  repeating  the  same  motions  at  the  other  end. 
That  the  time  in  which  the  strains  change  and  are  partly  being  reversed, 
and  the  rapidity  with  which  the  movements  of  the  different  members 
take  place,  are  important  factors  in  the  consideration  of  the  effects  of  the 
loads,  cannot  be  doubted. 

I  have  looked  over  these  tests  with  the  greatest  interest,  as  similar 
effects  of  moving  loads  have  come  under  my  daily  observation  on  a  via- 
duct which  was  completed  last  fall  in  St.  Louis,  and  for  which  I  had 
designed  the  main  spans  as  cantilever  trusses. 

There  is  one  point  for  which  I  could  find  no  explanation  in  the  test 
or  details. 

The  cantilevers  have  full  play  to  expand  and  contract  under  changing 
temperatures  from  each  pier  towards  the  river  and  towards  the  abut- 
ments, but  as  there  is  no  diagonal  bracing  between  the  posts  above  the 
piers,  I  am  at  a  loss  to  see  what  should  prevent  a  horizontal  movement 
of  the  superstructure.    The  tests  (see  Appendix  C)  show  that  a  mere  load- 


DISCUSSION    ON    NIAGARA    CANTILEVER   BRIDGE.  549 

ing  of  the  bridge  causes  horizontal  movements  of  the  shore  anchorage 
links.  What  would  have  been  the  effect  of  such  a  test  as  the  one  applied 
to  the  Kentucky  River  Bridge,  i.  e.,  a  train  entering  the  bridge  at  full 
speed,  and  suddenly  brought  to  a  halt  by  means  of  the  brakes? 

The  Niagara  Bridge  is  undoubtedly  the  boldest  and  best  cantilever 
bridge  in  existence,  both  in  design  and  execution,  and  it  has,  in  this  re- 
spect, well  deserved  the  world-wide  reputation  which  it  has  gained.  Its 
shortcomings  are  simply  those  of  the  system . 

It  is  true  that  this  system  has  made  the  erection  possible  without  the 
use  (if  any  additional  supports  for  the  middle  span  whatever,  but  the 
success  of  the  erection  of  the  St.  Louis  Bridge,  and  particularly  the  com- 
pletion of  the  Kentucky  River  and  Minnehaha  Bridges  by  C.  Shaler 
Smith,  M.  Am.  Soc.  C.  E. ,  under  analogous  circumstances,  prove  that  ob- 
stacles as  great  as  those  encountered  in  crossing  the  Niagara  River 
near  the  Falls  can  be  overcome  without  resorting  to  a  system  which, 
even  under  the  hand  of  the  most  skillful  engineer,  is  not  perfect. 

J.  D.  Hawks,  M.  Am.  Soc.  C.  E. — I  do  not  care  now  to  discuss  this 
subject  in  detail.  I  send,  however,  a  copy  of  a  report  made  to  me 
last  winter  by  the  builders  of  the  bridge,  showing  its  condition  at  that 
time.  I  am  having  a  plank  walk  laid  on  each  lower  chord  to  facilitate 
examination  of  the  structure.  I  propose  to  have  a  daily  inspection 
made  by  one  of  the  gatemen  who  worked  on  the  bridge  during  con- 
struction. Our  bridge  engineer,  Mr.  Benjamin  Douglas,  spends  one 
day  each  two  weeks  at  the  bridge.  In  addition  to  this,  I  propose  to  ask 
some  prominent  bridge  company  to  make  an  examination,  say  every  six 
months.  I  should  be  pleased  to  furnish  any  Member  of  the  Society 
facilities  for  looking  over  the  bridge  at  any  time  on  application. 

Buffalo,  N.  Y.,  January  2d,  1885. 
J.  D.  Hawks,  Esq., 

Chief  Engineer  Michigan   Central  Railroad, 
Detroit,  Mich. 
We  have  just  finished  a  very  careful  inspection  of  the  Cantilever 
Bridge.     Inclosed  please  find  report   made   by  our  Superintendent  of 
Erection. 

Very  truly  yours. 

Union  Bkidge  Company, 

By  Geo.  S.  Field. 

Gentlejiex, — I  have  spent  five  days  with  one  bridge  man  inspecting 
the  Cantilever  Bridge  over  the  Niagara  River. 
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We  examined  every  rod,  section,  joint,  anchorage  and  expansion 
point,  and  found  nothing  that  needed  adjustment  or  repairs.  We  tried 
the  line  over  the  top,  using  the  old  original  center  tacks  and  found  the 
line  perfect,  showing  that  foundations  and  piers  are  as  when  first  fin- 
ished, and  the  lateral  adjustment  has  not  changed.  When  the  length 
was  taken  for  the  center  span  the  thermometer  stood  at  60  degrees; 
when  I  (one  year  later)  took  the  measurement,  it  stood  at  zero. 

I  find  the  suspension  pins  one  inch  from  center  of  expansion  slots, 
showing  there  has  not  been  the  slightest  movement  of  any  part  of  the 
structure  except  that  due  to  change  of  temperature. 

S.  V.  Ryland. 

C.  A.  Marshall,  M.  Am.  Soc.  C.  E. — I  notice  that  no  mention  is 
made  in  the  paper  of  reaming  or  otherwise  removing  the  injury  done  to 
steel  by  punching.  The  specifications  simply  say  the  holes  shall  not 
be  punched  more  than  -fa  inch  larger  than  diameter  of  rivet  to  be  used, 
and  presumably  no  more  reaming  was  done  than  was  necessary  to  pass 
the  rivet  through  where  the  punched  holes  did  not  fit.  I  figure  that  the 
unit  stresses  used  to  enter  the  column  formula  vary  from  about  14  000  to 
14  700  pounds  per  square  inch,  so  that  apparently  no  reduction  of  the 
usual  allowed  stresses  has  been  made  on  account  of  this  departure  from 
the  prevailing  treatment  of  steel  for  this  kind  of  work  and  grade  of 
steel. 

Now  I  do  not  wish  to  be  understood  as  saying  that  this  constitutes 
an  error  of  judgment  in  proportioning  the  structure,  but  on  a  work  of 
this  magnitude  it  is  much  to  be  regretted  that  such  a  deviation  from 
common  practice  in  a  point  often  insisted  upon  as  important,  should  be 
made  without  tests  to  substantiate  the  correctness  of  the  position 
assumed.  The  writer  would  be  inclined  to  believe  that  the  matter  of 
reaming  has  little  influence  on  the  strength  of  heavy  struts  such  as 
here  used,  yet  such  struts  usually  fail  by  buckling  somewhere.  The 
stress  determining  failure  is  partially  bending,  whether  local  or  general, 
and  there  is  certainly  room  for  doubt  on  the  question  of  whether  the  full 
value  of  the  material  can  be  developed  without  the  reaming.  A  few  hun- 
dred dollars  sj>ent  in  testing  sample  columns  of  the  same  material  (like 
that  used  in  the  bridge)  differing  only  in  having  holes  punched  full  size 
in  one  set  and  punched  and  reamed  in  the  other,  would  certainly  have 
thrown  much  light  on  the  subject,  and  have  largely  enhanced  the  worth  of 
this  bridge  considered  as  an  engineering  achievement  or  example  of  en- 
lightened construction.  If  we  can  get  full  value  out  of  steel  of  80  000 
pounds  tensile  strength  without  reaming,  then,  as  a  matter  of  economy, 
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let  us  save  the  reaming.  It  is  safe  to  say,  from  published  tests,  that  the 
net  tensile  value  of  steel  of  the  mildest  description  may  be  developed  in  a 
riveted  joint  equal  to  that  of  a  plain  specimen,  whether  the  holes  be 
punched  or  drilled.  Hence,  almost  certainly,  in  reckoning  for  com- 
pression, the  difference  between  reaming  and  not  reaming  need  not  be 
taken  into  account  for  that  kind  of  steel.  Can  Mr.  Schneider  assure 
us  that  the  same  holds  true  for  the  steel  he  used  ? 

Jos.  M.  Wilson,  M.  Am.  Soc.  C.  E.— Mr.  Schneider's  paper  is  exceed- 
ingly interesting,  and  it  would  be  well  if  just  such  papers  on  all  the 
important  works  of  our  country  could  be  presented  to  the  Society  in 
so  complete  a  shape.  The  matter  of  foundations  seems  to  have  been 
unique  in  its  way,  and  great  credit  is  due  for  the  admirable  disposition 
of  the  peculiar  conditions  of  the  case.  A  suggestion  might  be  made  as 
to  whether  it  would  not  be  well  to  remove  some  of  the  stone  now  on 
the  slope  above  and  behind  the  pier  foundations  so  as  to  avoid  any 
possible  risk,  even  in  the  far  future,  of  a  shoving  or  pushing  forward 
of  the  whole  mass  by  a  glacier-like  action,  and  thereby  a  disturbance  of 
these  foundations  en  masse. 

In  my  own  practice  I  am  using  considerably  heavier  loading  than 
Las  been  taken  in  this  case,  taking  a  typical  consolidation  engine  with 
12  000  pounds  on  the  front  pair  of  wheels  and  24  000  pounds  on  each 
of  four  pairs  of  drivers  ;  also  a  typical  passenger  engine  with  16  000 
pounds  on  each  of  the  two  front  pairs  of  wheels  and  40  000  pounds  on 
each  of  two  pairs  of  drivers,  the  tender  having  32  tons  on  four  pairs  of 
wheels  in  either  case,  and  the  train  load  3  000  pounds  per  foot  lineal  of 
track.  I  think  my  experience  justifies  such  loading.  The  tendency  is 
towards  still  heavier  loading  in  the  future,  and  there  has  never  yet  been 
a  standard  established  that  has  not  been  exceeded.  There  are  now  cars 
in  use  on  the  Pennsylvania  Railroad  that  give  a  weight  of  3  000  pounds 
per  lineal  foot  of  track  with  standard  loading,  and  they  are  often  over- 
loaded considerably  in  excess  of  this.  The  formula'  for  limiting  max- 
imum strains  as  deduced  from  Weyrauch,  are  somewhat  different  from 
my  own  practice  and  give  somewhat  higher  results.  I  hope  to  be  able 
to  explain  myself  further  in  this  connection  at  a  future  time. 

My  preference  would  have  been  for  wrought -iron  shoes  under  the 
tower  posts.  My  experience  with  castings  in  such  locations  is  unfortu- 
nate, although  in  a  structure  of  size  like  the  present,  the  effects  of  im- 
pact are  not  nearly  so  great  as  in  smaller  bridges. 
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The  requirements  in  the  specifications  for  steel  seem  rather  high, 
and  my  preference  would  have  been  for  a  little  lower  quality  and  a 
lower  limiting  resistance.  I  do  not  pretend  to  have  very  much  expe- 
rience in  this  direction,  and  what  I  have  had  has  not  been  very  favor- 
able, but  I  acknowledge  the  great  value  of  steel  in  long-span  structures 
when  its  quality  can  be  depended  upon. 

Frederick  H.  Smith,  M.  Am.  Soc.  C.  E.  — In  the  Testing  Committees, 
Keport,  appended  to  Mr.  Schneider's  valuable  paper,  the  observations 
made  with  single-track  loading  show  different  deflections  at  the  four 
corners  of  the  intermediate  span,  and  as  the  train  advances  these 
deflection  differences  vary  among  themselves,  and  thereby  impose  a 
twisting  moment  upon  that  span. 

The  same  report  notes  a  side  movement  of  the  trusses,  accompanied 
by  the  slackening  of  one  of  the  diagonals.  This  side  movement  must 
develop  in  opposite  directions  at  the  two  ends  of  the  intermediate  span 
when  trains  are  entering  that  span  at  diagonally  opposite  corners. 

The  twisting  moment  imparted  to  this  span  by  one  or  both  of  these 
movements  may  or  may  not  be  serious,  and  as  Mr.  Schneider  has  given 
us  the  first  double-track  cantilever  bridge,  I  should  like  to  ask  him 
whether  this  twisting  action  has  been  made  a  subject  of  expert  observa- 
tion, and  if  so,  with  what  result. 

Geo.  S.  Morison,  M.  Am.  Soc.  C.  E. — There  is  one  point  which  I 
think  the  author  did  not  bring  out  in  his  paper  as  distinctly  as  he  might 
have  done,  and  that  point  relates  to  the  foundations.  The  method  of 
the  foundations  was  somewhat  criticised  while  the  work  was  in  progress. 
What  I  wish  to  bring  out  especially,  is  that  these  foundations  are  built 
on  masses  of  very  large  rocks  which  have  fallen  from  the  strata  above, 
and  which  owe  their  stability  entirely  to  gravity.  These  large  rocks 
have  been  termed  boulders,  Avhich  is  an  unfortunate  word,  and  does  not 
indicate  the  real  character  of  the  rocks.  They  are  very  large,  some  of 
them  as  large  as  a  car  ;  they  have  not  been  moved,  but  have  simply  fallen 
from  the  higher  strata  of  rock  above,  when  the  softer  strata  below  were 
undermined.  The  general  opinion  of  those  who  examined  these  founda- 
tions was  that  these  large  stones,  whose  position  was  perfectly  stable — 
that  stability  being  due  to  gravity  alone,  with  no  aid  from  the  cohesion 
which  stiffens  a  material  in  position — were  much  safer  for  the  founda- 
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tions  of  the  bridge  than  a  stratified  rock  would  have  been,  unless  that 
stratified  rock  extended  continuously  across  the  river.  Their  stability 
was  well  established,  and  no  new  disturbing  element  would  change  the 
conditions.  On  the  other  hand,  a  stratified  rock  which  did  not  extend 
continuously  across  the  river  might  become  unsafe  by  the  washing  out 
of  softer  strata  below  it,  and  the  rock  might  continue  to  support  the 
weight  of  a  bridge  until  the  undermining  had  progressed  to  such  an 
extent  that  the  breaking  of  the  rock  brought  about  a  sudden  catastrophe. 
A  continuous  layer  of  hard  rock,  extending  in  its  natural  position  across 
the  river,  would  be  preferable  to  the  foundations  which  were  found,  but 
next  to  it,  this  loose  mass  of  enormous  stones  is  the  best  thing  that 
could  be  had. 


Henry  W.  Wilson,  M.  Am.  Soc.  C.  E. — The  situation  at  Niagara 
which  was  selected  for  the  new  railroad  bridge  appears  peculiarly 
adapted  to  a  cantilever  design,  and  Mr.  Schneider  seems  to  have  worked 
out  his  problem  with  great  ability.  I  have  been  considerably  interested 
in  this  type  of  structure  lately,  and  have  looked  over  the  present  paper 
with  great  interest.  I  have  taken  the  opportunity  of  examining  pretty 
carefully  into  the  details  of  the  design,  so  far  as  the  small  scale  drawings 
submitted  will  allow,  and  they  appear  to  have  been  worked  up  very 
thoroughly,  and  with  full  consideration  of  the  latest  recognized  theory 
of  the  action  of  forces,  and  the  adaptation  of  details  to  resist  them. 
Such  matters  as  the  question  of  pin  moments,  etc.,  appear  to  have 
been  all  well  considered.  While  the  assumed  loading  is  not  as  heavy  as 
I  have  been  adopting,  yet  this  is  a  question  which  was  regulated  by  the 
specification,  and,  of  course,  the  work  has  been  carried  out  in  accord- 
ance therewith. 

In  the  designing  of  the  floor  system  I  should  have  preferred  having 
the  longitudinal  track  girders,  designated  stringers  in  the  paper,  directly 
under  the  rails,  and  in  the  cross  girders  or  floor  beams  I  would  rather 
have  had  the  vertical  stiffeners  closer  together.  I  am  aware  of  the  wide 
difference  of  opinion  among  engineers  concerning  the  precise  duty  which 
these  stiffeners  exercise  in  a  plate-girder,  and  I  merely  give  this,  there- 
fore, as  an  opinion. 

Theodore    Cooper,   M.   Am.   Soc.  C.  E. — The    pioneer    cantilever 
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bridge  of  large  dimensions  was  the  Kentucky  Kiver  Bridge,  designed 
and  built  by  0.  Shaler  Smith,  M.  Am.  Soc.  C.  E. 

While  less  bold  in  conception  and  in  untried  principles  than  the 
above,  the  Niagara  Cantilever  Bridge  has  excited  a  far  greater  public 
interest,  from  its  location  over  the  world-renowned  chasm  of  Niagara 
River  and  at  a  center  of  public  travel. 

For  engineers,  however,  the  interest  in  any  new  structure  centers 
upon  the  adaptation  of  the  design  to  the  purpose  and  location,  and 
upon  the  details  of  its  execution  and  final  operation.  It  is  a  matter  of 
congratulation  for  the  Society  that  Mr.  Schneider  has  so  fully  and 
clearly  given  us  an  account  of  his  design  and  its  execution. 

He  has  clearly  stated  the  principles  governing  him  in  the  selection 
of  this  kind  and  form  of  bridge;  facility  of  erection,  and  a  positive 
determination  of  the  strains  developed  in  each  member.  The  avoid- 
ance of  ambiguous  strains  in  the  trusses,  by  omitting  the  diagonal 
members  in  the  panel  over  the  towers,  is  worthy  of  approval.  The 
concentrating  the  two  systems  of  diagonals  into  a  single  link  at  the 
ends  is  in  the  same  direction  of  positiveness  of  strains.  I  do  not 
approve  of  double  intersection  trusses  where  it  is  possible  to  avoid 
them.  It  is  very  doubtful  in  my  mind  if  the  strains  in  the  usual 
double  intersection  truss  can  be  determined  within  20  per  cent.  Mr. 
Schneider,  by  the  use  of  the  coupling  link,  has  reduced  the  doubt  to  a 
minimum.  In  connecting  his  floor  beams  rigidly  to  the  vertical  posts, 
I  think  he  has  violated  somewhat  his  desire  for  exactness  of  strains. 
In  a  double-track  bridge,  with  one  track  only  loaded,  the  trusses  will 
deflect  differently,  producing  in  a  rigidly  attached  floor  beam  indefi- 
nite and  often  excessive  strains.  This  is  partly  prevented  in  this  struc- 
ture by  the  diagonal  sway  rods,  which  tend  to  hold  the  trusses 
2iarallel. 

The  crudity  of  the  specifications,  for  which  Mr.  Schneider  disclaims 
the  responsibility,  would  be  more  noticeable  if  it  were  not  of  such 
frequent  recurrence. 

Why  Launhardt's  formulae  should  be  used  for  steel  members  and  not 
for  iron,  would  appear  more  mysterious  if  we  did  not  know,  from  every- 
day experience,  that  the  average  specification  is  a  compilation,  by  non- 
experts, of  glittering  generalities  picked  up  here  and  there  without  any 
intelligent  conception  as  to  their  intent  or  meaning  ;  frequently  contra- 
dictory, and  always  subject  to  various  interpretations. 
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The  rolling  load  consists  of  two  Mogul  engines  (called  consolidation 
in  specifications)  with  a  train  of  one  ton  per  lineal  foot. 

This  is  far  less  than  is  adopted  by  the  roads  that  have  profited  by 
past  experience,  and  are  looking  ahead  to  increased  locomotives  and 
rolling  stock. 

Mr.  Schneider  has  not,  however,  been  confined  to  these  specifica- 
tions, for  he  has  designed  his  floor  system,  the  most  important  part,  for 
a  heavier  rolling  load;  and  has  made  variations  in  other  parts  of  the 
specification. 

The  Central  Bridge  Company  deserve  credit  for  their  part  of  this 
work — the  execution  of  the  contract,  and  for  giving  even  a  better  struc- 
ture than  might  have  been  made  under  the  specifications. 

The  modern  development  of  the  cantilever,  in  my  opinion,  takes  its 
departure  from  the  completion  of  the  St.  Louis  Bridge. 

The  necessities  of  erection  at  the  site  of  this  bridge  over  the  Missis- 
sippi River  at  St.  Louis,  required  the  work  to  be  supported  from  above 
by  the  use  of  suspension  cables  formed  of  ordinary  bridge  links.  As 
the  work  neared  completion,  each  river  pier  supported  two  enormous 
cantilevers  245  and  254  feet  long ;  which,  with  the  thickness  of  the 
piers,  made  a  total  length  from  end  to  end  of  533  feet. 

The  success  of  this  method  of  erection,  by  building  out  from  each 
support  a  self-sustaining  structure,  established  the  security  and  facility 
of  thus  erecting  large  spans  over  chasms  and  rivers,  where  false  works 
below  were  impossible. 

The  next  step  was  to  make  the  bridge  self-supporting  without  the  use 
of  cables. 

Mr.  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.,  soon  thereafter  accepted 
the  results  of  this  lesson,  and  constructed  his  Kentucky  River  Bridge 
by  making  it  upon  the  cantilever  principle,  self-sustaining  beyond  the 
shore  arms.  For  boldness  of  design  and  execution,  it  will  always  stand 
unequaled.  Later  structures  have  this  additional  experience  to  aid 
their  development. 

Cantilever  bridges  of  moderate  spans,  about  500  to  600  feet,  have  no 
special  merit  aside  from  the  facility  of  erection  at  certain  localities. 
The  same  spans  can  be  built  as  separate  structures  with  the  same  or  less 
material.  The  absolute  necessity  of  erecting  them,  as  here  at  Ni- 
agara, without  false-works,  or  to  save  the  expense  of  the  false-works  at 
deep  gorges  or  over  deep  rivers,    makes   their  use  justifiable  at  such 
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points.  I  assisted  Joliu  C.  Goodridge,  Jr. ,  in  measuring  the  current 
velocity  of  the  Niagara  River  at  the  site  of  this  bridge.  A  taffrail  log 
which  had  been  tested  over  a  standard  course  of  one  nautical  mile 
was  used.  We  obtained  the  following  readings  for  the  central  surface 
current: 

First  mile  run   out  at  4   minutes   20   seconds, 
Second  "        "       "     "    8  0         " 

Third      "        "       "     "  12         "  30 

which  reduced  to  statute  miles,  gives  a  velocity  of  16.3  miles  per  hour. 
In  endeavoring  to  take  the  velocity  at  other  points  across  the  river, 
the  log  vane  was  cut  off  and  lost,  thus  discontinuing  the  tests. 

Charles  Macdonald,  M.  Am.  Soc.  C.  E. — It  is,  perhaps,  a  little  un- 
fortunate that  the  word  boulder  has  been  used.  There  are  really  no 
such  things  as  boulders  in  the  Canon  of  the  Niagara.  The  masses 
of  rock  which  have  been  precipitated  to  the  bottom  of  the  gorge  by 
reason  of  the  undermining  of  a  soft  stratum,  have  not  been  moved  since 
the  original  denudation,  and  the  monolithic  foundation  which  has 
been  judiciously  distributed  over  them,  is  an  evidence  of  engineering 
boldness  and  skill,  equal,  if  not  superior  to  the  conception  involved  in 
the  novel  and  elegant  superstructure  itself. 

It  would  not  be  strange  were  there  found  to  be  some  evidences  of 
crudeness  in  detail.  When  it  is  remembered  that  the  whole  structure 
from  foundation  to  completing-rail  was  executed  in  such  an  extraordi- 
narily short  time,  the  wonder  is  that  there  remains  so  little  upon  which 
adverse  criticism  can  be  made.  If  it  had  been  possible  to  utilize  steel  to 
a  greater  extent,  a  more  compact  arrangement  might  have  been  made  in 
the  top  chords  over  the  piers,  but  the  shortness  of  the  time  in  which  the 
work  was  required  to  be  completed,  doubtless  prevented  the  manufacture 
of  steel  eye-bars  for  that  purpose. 

It  is  questionable  whether  it  would  not  have  been  better  to  have  in- 
creased the  length  of  suspended  span  from  120,  to  say  140  or  160  feet,  with 
a  view  to  a  reduction  of  the  deflection  under  a  central  load.  In  the  Louis- 
ville and  New  Albany  Bridge,  now  in  process  of  construction,  Mr.  Hem- 
berle  and  myself  have  suggested  160  feet  suspended  spans  in  clear  open- 
ings of  480  feet,  but  until  this  arrangement  is  tested  it  will  be  best  to 
defer  judgment. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — When  the  commission,  of 
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which  I  was  a  member,  made  an  examination  of  these  foundations, 
we  found  but  little  knowledge  of  the  slope  of  the  river  bed  beyond  a 
short  distance  from  the  water's  edge.  I  then  suggested  that,  owing  to 
the  swiftness  and  strength  of  the  current,  an  approximate  idea  could 
be  had  by  securing  a  heavy  boulder  to  a  line  by  a  ring  bolt  and  then 
rolling  it  into  the  stream.  By  trying  this  and  also  using  a  heavy  sledge 
tied  to  a  line,  the  conclusion  was  drawn  that  the  slope  was  continuous 
for  about  50  to  60  feet  beyond  the  water's  edge.  At  about  that  point 
there  appeared  a  sudden  drop  as  if  there  was  a  break  in  the  strata. 


Discussions  Presented  at  the  Annual  Convention,  June  24th,  1885. 

F.  Collingwood,  M.  Am.  Soc.  C.  E. — The  general  discussion  upon 
Mr.  Schneider's  paper  on  the  Cantilever  Bridge  at  Niagara  has  dwelt 
ujaon  the  points  involved  in  location,  foundations,  form,  strains  and 
general  details,  but  nothing  has  been  said  about  the  specifications.  As 
these  bring  up  the  subject  of  the  testing  of  steel  for  structures,  it  seems 
worth  while  to  see  how  they  compare  in  this  with  present  English  and 
European  practice.  Mr.  Dorsey,  in  papers  published  in  the  Transac- 
tions for  February,  1884,  and  May  last,  has  given  considerable  informa- 
tion in  this  direction,  and  is  entirely  in  accord  with  the  general  state- 
ment that  the  use  of  steel  is  rapidly  on  the  increase  for  bridge  work, 
and  that  many  engineers  now  give  it  the  preference  as  being  more  uni- 
form in  character  and  a  safer  material  than  iron .  They  insist,  however, 
on  a  rigid  inspection,  and  the  effort  there,  as  it  should  be  here,  is  to 
arrive  at  uniformity  in  requirements,  and  to  reduce  the  testing  to  the 
lowest  amount  consistent  with  securing  soundness  of  material. 

Mr.  Schneider  has  specified  a  maximum  percentage  of  carbon  and  of 
phosphorus,  which  must  not  be  exceeded  in  the  steel  to  be  furnished. 

Now  it  is  questionable  whether  the  state  of  our  knowledge  respect- 
ing the  behavior  of  steel  is  yet  sufficiently  exact  to  warrant  us  in  pre- 
scribing to  the  steel-maker  what  it  shall  contain.  As  an  example  of  this 
uncertainty  I  would  refer  to  a  table  of  tests  given  by  Mr.  Salom  in  a 
paper  read  before  the  Society  of  Mining  Engineers.  (See  vol.  XII,  p.  661 
of  Proceedings.)  He  restates  the  fact  (previously  known),  that  silicon 
prevents  carbon  from  combining  with  the  iron,  and  suggests  that  phos- 
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phorus  acts  in  the  same  manner.  He  gives  an  analysis  of  a  sample  of 
steel  containing  0.16  per  cent,  of  combined  carbon,  and  0.15  of 
graphitic  carbon  (or  total  of  0.31  carbon),  0.32  of  manganese,  0.14  of 
silicon,  and  0.065  of  phosphorus.  The  tensile  strength  was  about  63  000 
pounds,  with  an  elongation  of  23£  per  cent,  and  reduction  of  area  of  49 
per  cent.  Had  all  the  carbon  been  in  the  combined  state,  the  strength 
should  have  been  some  80  000  to  90  000  pounds;  or,  with  the  strength 
as  it  was,  the  elongation  should  have  been  about  28  per  cent.  We  learn 
then  that  silicon  is  also  to  be  proscribed,  if  we  are  to  specify  the  chemi- 
cal constituents  of  steel.  Mr.  Salom  gives,  on  the  contrary,  tests  of 
samples  containing  .075  per  cent,  phosphorus,  which  gave  good  results. 
In  a  paper  on  the  Clapp-Griffiths  process  by  Mr.  R.  W.  Hunt,  published  in 
Vol.  XIII  of  Transactions  of  the  American  Institute  of  Mining  Engineers, 
he  gives  tests  of  steel  very  low  in  silicon,  but  containing  0.11  per 
cent,  carbon  and  0.346  phosphorus  (or  over  one-third  of  1  per  cent).  The 
metal  bent  double  cold,  worked  beautifully  hot,  was  rolled  into  rail- 
plate  and  make  good  rails,  had  the  valuable  merit  of  stiffness,  welded 
readily,  and  made  button-head  bolts  which  bent  double  in  the  thread. 
Samples  from  the  screw-heads  rolled  into  £-inch  round  bars  gave, 
when  tested,  a  strength  of  75  000  to  81  000  pounds  per  square  inch, 
elastic  limits  of  55  000  to  60  000  pounds,  stretches  of  14  to  25  per  cent, 
on  8  inches,  and  reduction  of  area  of  14  to  49  per  cent.*  As  Mr.  Salom 
says:  "  it  would  seem  that  phosphorus  is  not  the  bete  noir  it  has  been 
considered;  it  has  had  to  bear  the  burden  of  many  sins  wrongfully 
ascribed  to  it." 

In  view  of  such  facts  as  these,  it  is  evident  that  the  safe  course  for 
the  engineer  to  pursue  is  to  specify  the  physical  characteristics  of 
the  steel  he  requires,  and  leave  the  method  by  which  they  are  reached 
to  the  manufacturer.  By  so  doing  he  saves  himself  an  immense  amount 
of  labor;  he  widens  greatly  the  sphere  of  competition;  and  is  almost 
certain  to  get  his  material  at  lower  rates. 

This  seems  to  be  the  uniform  practice  of  English  engineers.  Mr. 
Parker,  Chief  Engineer  of  Lloyds'  gave  the  following  as  the  full  detail 
of  their  method  of  testing  steel  for  ships.     A  small  ingot  is  cast  from 

*  In  a  later  paper  Mr.  Hunt  gives  still  further  experiments,  which  all  show  that  with  low 
carbon,  and  silicon  practically  absent,  phosphorus  may  run  up  0.85  per  cent.,  and  still  furnish 
a  steel  with  a  stretch  of  9>2  per  cent.,  and  a  reduction  of  9^<  percent,  in  area.  The  tensile 
strength  was  101  540  pounds,  although  a  test  on  a  larger  specimen  gave  less.  The  elastic  limit 
oi'  these  high  phosphorus  steels  seems  to  be  about  75  per  cent,  of  their  ultimate  strength. 
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each  charge  of  steel.  This  is  reduced  to  a  standard  size  of  plate  or  rod, 
which  must  have  a  tensile  strength  of  not  less  than  27  tons  (60  480 
pounds)  or  more  than  31  tons  (69  440  pounds)  per  square  inch,  and  give 
an  elongation  of  at  least  16  per  cent,  (not  20  per  cent. ,  as  in  Mr.  Dorsey's 
paper)*  in  8  inches.  Quite  recently  the  papers  state  that  this  has  been 
changed  to  28  and  32  tons  respectively.  After  heating  to  a  cherry  red, 
and  being  cooled  in  water  of  82  degrees  F.  temperature,  it  must  stand 
bending  round  a  curve,  the  diameter  of  which  is  not  more  than  three  times 
the  thickness  of  the  plate  used.  This  is  called  a  "  bending  "  or  ''tem- 
per "  test.  For  certain  parts  of  the  ship's  framing  a  strength  of  33  tons 
(73  920  pounds)  is  allowed,  provided  the  material  will  bear  the  other 
tests,  and  can  be  efficiently  welded. 

The  testing  is  all  done  under  the  eye  of  an  inspector,  stationed  at  the 
mill,  who  sees  the  plates,  etc.,  rolled,  and  a  shearing  taken  from  each. 
Each  piece  and  its  shearing  is  stamped  with  two  numbers,  as  for  ex- 
ample,  ^^-  •  The  lower  number  indicates  the  particular  charge  from 
which  the  plate,  or  beam,  etc.,  is  rolled,  and  the  upper  number  the  spe- 
cific running  number  of  the  individual  piece,  by  which  it  may  be  iden- 
tified. A  temper  test  is  made  from  every  plate,  angle,  or  beam,  if  the 
inspector  desires  it. 

The  specifications  require  that  not  less  than  one  plate,  etc.,  in  fifty 
shall  be  tested  by  both  tensile  and  temper  tests,  and  should  it  fail  to 
come  up  to  the  requirements  after  a  second  test,  the  whole  charge  from 
which  it  came  would  be  rejected. 

For  boilers,  the  tensile  strength  must  range  between  26  tons  (58  240 
pounds)  and  30  tons  (67  200  pounds),  with  20  per  cent,  stretch  on  8 
inches,  and  with  the  same  bending  test. 

Plates  against  which  flames  impinge  directly  in  the  furnaces  and  com- 
bustion chambers,  must  every  one  be  tested  by  the  temper  test. 

Mr.  Parker  says  that  punching  affects  only  the  under  side  of  the 
punched  plate,  and  that  the  plate  can  be  safely  bent  without  annealing 
if  the  concave  side  be  the  side  that  was  down  when  punched.  He  also 
says,  that  to  leave  the  metal  in  the  best  state  after  punching  to  resist 
strain,  the  bolster  should  be  as  large  as  it  can  be,  and  still  leave  a 
smooth  hole.     This  prevents  the  punched  metal   from  flowing  into  the 


*  Structural  Steel.  By  Edward  B.  Dorsey,  M.  Am.Soc.  C.  E.  No.  275,  Vol.  XIII,  February, 
1884,  p.  43. 
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mass  surrounding  the  hole,  and  in  great  measure  the  resulting  state  of 
tension  which  is  such  an  element  of  weakness  in  steel  plates. 

He  also  lays  particular  stress  on  the  necessity  in  rolling  steel,  of  the 
use  of  high-speed  rolls,  so  as  to  prevent  cold  rolling.  When  beginning 
to  roll,  the  first  two  or  three  plates  rolled  are  usually  poor,  in  conse- 
quence of  chilling,  but  they  are  perfectly  restored  by  annealing. 

He  does  not  allow  annealing,  however,  in  most  cases,  but  requires 
holes  either  to  be  drilled,  or,  if  punched,  assembled  afterward  and 
reamed  £-inch  larger. 

Mr.  Ewing  Matheson,  M.  Inst.  C.  E.  (of  the  firm  of  Matheson  & 
Grant),  showed  me  specifications  for  a  bridge  across  the  Hoogly  on  the 
East  Indian  Eailway.  The  strains  prescribed  for  tensile  test  were  ' '  for 
steel  in  plates,  either  with  or  across  the  grain,  angles, T's,  or  flat  bars,  to 
be  not  less  than  27  tons  (60  480  pounds)  nor  more  than  31  tons  (69  440 
pounds)  per  square  inch,  and  to  reduce  30  per  cent,  at  point  of  fracture," 
with  extension  as  in  Lloyds'.  Similar  samples  to  bear  the  temper  test 
as  in  Lloyds'.  Every  steel  plate  is  to  be  tested  for  tensile  strength,  and 
to  guard  against  brittle  or  dangerous  material,  an  end  and  side  shearing, 
properly  marked  for  identification,  is  to  be  taken  from  each  flat  bar, 
angle  bar  and  T  bar  by  the  manufacturer;  also  at  least  one  angle  or  flat 
bar  from  every  charge  of  steel.  The  shearings  are  to  be  tested  by  cold 
bending,  in  the  presence  of  the  engineer  or  his  deputy.  The  angle  and 
flat  bars  reserved  are  to  be  tested  by  what  is  called  the  "ram's  horn  " 
test.  This  consists  in  splitting  them  for  some  distance  and  bending  the 
split  portions  back  so  as  to  touch  the  main  part  of  the  bar. 

The  rivet  steel  must  stand  a  tensile  test  of  25  tons  (56  000  pounds)  to 
28  tons  (62  720  pounds),  and  reduce  40  per  cent,  at  point  of  fracture. 
It  must  bend  double  both  hot  and  cold,  and  bear  flattening  down  from 
the  head  without  cracking  or  other  defects. 

Straightening  by  hammering  is  not  allowed  for  the  angle  andT  bars; 
and  the  edges  of  all  plates  and  the  ends  of  all  bars  must,  where  practi- 
cable, be  planed,  or  otherwise  be  dressed  with  chisel  and  file. 

This  firm  gives  the  preference  to  steel  over  iron  for  bridges,  and  does 
not  hesitate  to  recommend  its  use  everywhere. 

Mr.  Matheson  in  a  paper,  Vol.  LXIX,  Minutes  of  Proceedings  of  the 
Institution  of  Civil  Engineers,  among  other  things  states  as  follows : 

"  Kolled  plates  and  bars  (among  which  he  includes  deep  I  beams, 
channels,  bulb  beams,  etc.),  of  the  various  forms  required  for  structures, 
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can  be  manufactured  in  steel  with  as  much  certainty  in  regard  to  quality 
as  irou  of  the  first  class. 

"  Steel  can  be  manipulated  in  the  factory — bent,  straightened,  cut, 
planed,  drilled  and  punched — with  the  same  tools  and  processes  as  are 
used  for  iron,  and)  for  the  most  part,  without  extra  force. 

"The  employment  of  steel  maybe  encouraged  and  extended  by  a 
fuller  knowledge  among  users  of  its  qualities;  by  facilities  for  verifying 
those  qualities;  by  exercising  a  wider  choice  of  the  kind  of  steel  suited 
to  the  purpose  in  view;  and  by  such  liberal  alteration  of  the  present 
official  rules  as  will  allow  fuller  advantage  to  be  taken  of  steel  than  is 
usual  or  permitted  at  present." 

The  Board  of  Trade  rules  allow  but  6£  tons  (14  5G0  pounds)  working 
strain  on  steel;  and  the  author  urged  that  a  35-ton  steel  and  8-ton  (17  920 
pounds)  strain  might  be  used  in  many  cases.  In  the  discussion  on  the 
paper,  Prof.  Kennedy  stated  that  mild  steel  could  now  be  obtained  of 
much  greater  uniformity  than  wrought-iron  ;  that  it  was  not  more 
affected  by  scratches  or  corrosion;  and  was  altogether  a  more  reliable 
material.  Dr.  Siemens  and  others  claimed  that  steel  of  35  to  40  tons 
(78  400  to  89  600)  and  20  per  cent.,  could  be  produced  of  sufficient  uni- 
formity to  warrant  its  use.  (The  average  strength  of  steel  in  the  super- 
structure of  the  East  River  Bridge  was  80  000  pounds,  with  20  per  cent, 
stretch  and  30  per  cent,  reduction  of  area  at  point  of  rupture.  Mr. 
Schneider's  requirements  are  less  as  to  stretch.)  Mr.  White  said  the  steel 
makers  stated  that  they  could  produce  Z  bar  sections,  deep  angle  bulbs 
or  heavy  T  bulbs  more  readily  than  iron  makers  could. 

To  show  the  wide  divergence  of  the  views  held  by  different  engineers 
on  the  matter  of  testing,  it  will  not  be  amiss,  in  passing,  to  refer  to  the 
specifications  framed  by  the  United  States  Naval  Advisory  Board  for  the 
steel  in  the  new  United  States  cruisers.  These  do  not  allow  the  edges 
of  sheared  specimens  to  be  planed,  but  only  rounded  off  with  a  smooth 
file;  while,  according  to  Mr.  Baker,  M.  Inst.  C.  E.  (in  a  discussion 
mentioned  further  on),  the  results  from  specimens  prepai-ed  in  this  way 
cannot  be  relied  upon;  and  in  his  specifications  for  the  Forth  Bridge 
it  is  provided  that  test  pieces  shall  be  planed  out. 

The  further  anomaly  is  pointed  out  by  Mr.  Salom,  that  a  cast  of 
steel— perfectly  uniform  in  quality  and  giving  the  full  stretch  required, 
but  falling  100  pounds  short  in  the  strength  required  by  the  specifi- 
cations— was  rejected;  while  another  cast — of  which  one  plate  tested 
2  000  pounds  short,  and  another  2  000  pounds  over  the  requirements — 
was  accepted,  and  rightly  according  to  the  letter  of  the  specifications. 
In  other  words,  the  preference  seems  to  be  given  to  the  steel  which 
lacked  most  in  uniformity. 
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In  this  connection  it  is  desirable  to  refer  to  a  recent  paper  by  Mr. 
Hackney,  Assoc.  M.  Inst.  C.  E.,  in  Vol.  LXXVI  of  Minutes  of  Proceed- 
ings, on  Forms  of  Test  Pieces.  He  calls  attention  to  the  fact  that,  to 
obtain  uniformity  in  results,  it  is  necessary  to  have  a  constant  ratio  of 
length  to  diameter  of  test  piece,  and  that  it  is  not  sufficient  to  specify 
length  only.  Variations  of  50  per  cent,  in  percentage  of  stretch  on  the 
same  material  can  be  obtained  by  quadrupling  the  diameter  and  keep- 
ing a  constant  length. 

For  test  pieces  of  a  constant  length,  from  plates  of  the  same  thick- 
ness, by  increasing  the  width  by  doubling,  trebling,  etc.,  up  to  six 
times,  the  stretch  was  increased  33  per  cent,  in  a  particular  case. 

In  the  discussion  on  this  paper,  Mr.  Baker,  M.  Inst.  C.  E.,  says 
that  in  actual  work  the  bending  test  is  the  one  most  used,  and  in  the 
hands  of  an  experienced  man  it  is  as  sound  a  test  of  ductility  as  can  be 
obtained.  (A  crop  end  from  every  beam  was  tested  by  bending  under  a 
hammer,  but  had  no  previous  heating,  the  object  being  to  test  the  state 
in  which  the  metal  was  left  after  rolling.)  He  mentions  a  test  made  in 
this  way  on  a  specimen,  the  edges  of  which  had  been  filed  to  £-inch 
radius,  which  broke  under  the  first  tap  of  the  hammer.  A  companion 
piece,  however,  with  J  inch  planed  off  each  edge,  bore  a  succession  of 
four  or  five  light  taps,  followed  by  a  heavy  one,  for  an  hour,  and  was 
then  bent  round  through  an  angle  of  120  degrees  to  a  radius  of  3  or  4 
inches  without  breaking. 

He  had  made  all  the  tests  on  a  38-ton  steel,  of  heating  red 
and  plunging  in  cold  water,  and  bending  to  a  radius  of  1  inch;  also  the 
full  stretch  in  tension,  etc.,  required  by  the  Admiralty,  and  considered 
it  an  admirable  material  for  engineering  works. 

He  says  the  form  of  a  specimen  to  be  bent  "  is  quite  as  important  as 
its  form  if  tested  by  direct  tension.  It  was  much  easier  to  bend  a 
narrow  piece  of  metal  to  a  sharp  radius  than  a  wide  one;"  the  reason 
given  being  that  the  narrow  piece  gives  greater  freedom  for  the  flow  of 
the  metal,  consequently  the  resulting  strains  of  tension  and  compression 
are  less. 

Mr.  C.  P.  Sandberg,  Assoc.  M.  Inst.  C.  E.,  laid  great  stress  upon 
the  drop  or  concussion  test  as  being  "of  more  practical  use  than  a 
tensile  test,  and  should  be  given  the  preference  wherever  possible." 

Dr.  Wedding  gave  the  standard  form  for  test  pieces  adopted  by  the 
Prussian  Experimental  Institute  as  given  below,  and  said  if  the  pieces 
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broke  outside  of  the  8-inch  points  the  test  was  rejected.  He  considered 
it  important  to  have  the  straight  portion  of  the  specimen  continue 
beyond  the  limits  taken  for  test,  as  is  shown. 


?£.  :     *? 
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An  example  of  recent  French  practice  in  the  use  of  steel  was 
furnished  me  by  Mr.  Lavoinne,  engineer  of  the  Ponts  et  Chaussees  (since 
deceased),  in  a  specification  for  the  new  arch  bridge  at  Eouen.  "  Bars  8 
inches  long  and  l£  inches  wide,  cut  from  any  part  whatever  of  a  piece  of 
steel,  whether  before  or  after  work  of  any  kind— of  shearing,  forging, 
drilling  or  riveting — must  stand  bending  cold  at  the  middle,  so  that  the 
two  ends  touch,  and  so  that  the  longest  distance  between  the  two 
exterior  faces  shall  be  reduced  to  four  times  the  thickness,  without  de- 
veloping a  trace  of  cracks.     Tests  to  be  made  at  the  mill  are  : 

"  First. — They  must  be  able  to  resist  a  tensile  strain  of  31  000  pounds 
per  square  inch  within  the  limit  of  elasticity. 

"Second. — To  stand  a  breaking  strain  of  71  000  pounds  on  the  same 
section. 

"  Third. — At  the  moment  of  rupture,  the  stretch  on  the  specimen 
shall  be  18  per  cent,  of  its  length,  and  the  stretch  must  progress  uni- 
formly with  the  load,  without  sudden  jumps." 

The  French  Admiralty  require  for  steel  plates  up  to  |  -inch  thickness 
a  minimum  average  tensile  strength  of  67  000  pounds,  and  a  mean 
stretch  of  10  to  14  per  cent,  on  8  inches  ;  for  plates  of  J-inch  thickness 
and  upward,  63  000  pounds  and  20  per  cent. ;  and  between  these  thick- 
nesses intermediate  values. 

The  initial  load  in  testing  must  be  -x%-  of  the  breaking  strength  men- 
tioned, and  must  be  applied  for  5  minutes.  Then  successive  additions 
of  700  pounds  per  square  inch  are  to  be  made  at  about  every  half 
minute,  and  the  stretch  for  each  noted.  A  plate  with  less  less  than  ■£$  of 
the  mean  final  stretch  allowed  to  be  rejected.  At  least  5  tests  (from 
one  or  more  plates)  with  and  5  across  the  plate  to  be  made  from  plates 
of  each  delivery,  and  the  means  of  each  set  taken.  That  mean  which  is 
the  least  must  be  equal  to  the  minimum  average  allowed. 

A  temper  test  is  made  similar  to  the  English,  the  inner  radius  of 
curve  after  bending  to  equal  the  thickness  of  plate. 
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A  forging  test  as  follows  :  From  a  plate  there  is  struck  up  a  hemis- 
pherical cup,  whose  inner  diameter  must  equal  40  times  the  thickness  of 
plate,  and  whose  border  must  be  10  times  the  thickness  in  width,  and  join 
the  sphere  exteriorly  by  a  curve  of  radius  equal  to  the  thickness. 

For  angles,  T,  I  and  bulb  bars,  etc. ,  one  is  taken  from  each  delivery. 
Samples  cut  from  the  webs  of  angles  and  T's  must  show  a  tensile 
strength  of  68  000  pounds,  with  stretches  of  18  to  20  per  cent.,  and  I 
and  bulb  beams  65  500  pounds,  and  16  to  18  per  cent. ,  with  the  same 
rules  as  to  time,  etc. 

In  the  temper  test  the  radius  of  the  curve  to  be  lj  times  the 
thickness. 

The  forging  test  for  angles  consists  in  bending  one  web  (while  the 
other  remains  flat  in  its  own  plane)  to  the  form  of  a  cylinder  having  an 
interior  diameter  equal  to  3£  times  the  width  of  the  flat  web.  To  close  the 
two  webs  of  another  piece  until  they  are  in  close  contact.  To  expand 
the  webs  of  a  third  piece  until  the  inner  faces  lie  in  the  same  plane. 

T  bars  have  a  piece  forged  so  that  the  flange  shall  be  in  the  form  of  a 
semi-cylinder,  with  interior  radius  4  times  the  height,  while  the  web 
remains  in  the  same  plane.  To  split  the  web  of  another  piece  in  the 
middle  for  a  length  3  times  the  height  of  the  bar,  drill  a  hole  to  keep  it 
from  splitting  farther,  and  then  bend  the  detached  part  by  a  sharp  bend 
in  its  own  plane  to  an  angle  of  45  degrees  with  the  other  branch. 

I  and  bulb  beams  shall  have  similar  tests.  One  flange  of  the  I 
beam  or  the  bulb  of  the  bulb  beam  being  bent  by  one  or  several  heats 
with  a  sharp  bend  to  an  angle  of  45  degrees  with  the  other  flange,  the 
web  being  flat. 

Referring  to  the  Appendix  to  Mr.  Schneider's  paper,  it  is  interesting 
to  note,  in  the  tests  on  full-sized  bars,  that  up  to  2  000  pounds  beyond 
the  limit  of  elasticity,  the  stretch,  as  measured  on  two-thirds  of  the 
body  of  the  bar,  is  almost  exactly  one-half  of  that  between  the  centers 
of  the  pins  ;  the  greater  proportional  amount  on  the  other  third  being 
due  to  the  flexure  and  compression  in  pin-holes. 

One  other  point  in  these  specifications  which  may  be  criticised,  is 
the  direction  to  "  grout  "  each  course  of  masonry.  Nothing  is  better 
established  than  that  grouting  is  an  exceedingly  uncertain  method  of 
filling  masonry  joints.  Good  mortar  can  be  worked  in  by  "  swords  "  or 
bars  until  it  is  positively  certain  that  the  joint  is  full. 
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PERCivAii  Eobeets,  Jr.,  M.  Am.  Soc.  C.  E. — In  examining  the  tables 
of  tests  of  steel  in  Appendix  No.  4  of  Mr.  Schneider's  paper,  the  first 
impression  obtained  is  that  although  in  steel  we  have  a  homogeneous 
material,  it  is  yet  a  far  from  uniform  one,  no  matter  how  carefully  we  may 
watch  the  chemical  composition  and  make  rejections  for  variations  of 
but  .01  of  1  per  cent,  in  carbon.  I  have  rearranged  the  tables  and 
grouped  all  tests  showing  same  carbon  together,  and  obtained  the 
average  results  for  each  set  so  grouped.  Considering  first  the  table  of 
accepted  tests,  we  have  the  lowest  carbon  .30,  and  the  highest  .41;  the 
greatest  number  of  tests  however  contain  .35  percent,  of  carbon,  and  are 
24  in  number.     From  this  group  take  for  example: 

Test    2      0.35      0.510         ....         64  100        89  920        18.25 
"     27      0.35      0.510      0.082        49  450        79  430        19.37 

A  difference  of  12  per  cent,  in  the  ultimate,  and  23  per  cent,  in  the 
elastic  limit.     Again; 

Test     90        0.35        0.550  60  000  84  130  18.25 

95        0.35        0.555  51600  85  780  18.12 

A  difference  of  nearly  15  per  cent,  in  elastic  limit,  while,  in  other 
respects,  both  physically  and  chemically,  the  two  pieces  were  prac- 
tically the  same. 

Compare  the  stretch  and  reduction  of  area  and  we  find  no  uniformity, 
for  example: 

Test    27  49  450  79  430  19.37  45.50 

'«    111  51400  85  880  17.25  30.50 

A  difference  of  15  per  cent,  in  reduction  of  area,  and  in  other  respects 
nearly  identical.  This  matter  of  non-uniformity  is  not  confined  to  a 
few  isolated  cases  which  would  lead  us  to  look  for  errors  in  testing 
machines  or  recorded  results,  bub  are  scattered  throughout  the  entire 
tables,  the  only  uniform  point  in  the  whole  matter  being  its  want  of  uni- 
formity. 

Leaving  the  tables  of  accepted  tests,  take  up  that  of  rejected  speci- 
mens. In  this  carbon  ranges  from  .25  per  cent,  to  .53  percent.  No 
other  element  is  given  in  analysis. 

Take,  for  instance,  tests  62,  89,  106,  and  many  others.  Carbon  we 
find  within  specified  limits.  Physical  tests  meet  requirements.  They 
are  probably  rejected  for  phosphorus,  that  poor  little  suifering  element 
so  important  to  the  engineering  brain,  and  yet  tmmpled  on  so  basely 
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in  the  above  rejections.  But  I  need  not  consume  any  further  time 
in  analyzing  these  tables,  as  the  points  I  have  made  are  plain  to 
the  most  casual  observer.  The  question  I  wish  to  raise,  in  view  of 
the  above-mentioned  points,  is  the  advisability  or  justice  of  the  fol- 
lowing clause  taken  from  Mr.  Schneider's  specification.  "All  steel 
shall  be  manufactured  by  the  open- hearth  process.  Bessemer  steel  will 
not  be  accepted."  No  reason  being  given  for  the  decision,  I  presume  I 
am  right  in  considering  that  such  a  clause  was  inserted  with  the  belief 
that  open-hearth  steel  is  more  uniform  than  Bessemer,  a  statement  which, 
I  think,  rests  more  upon  fancy  than  fact.  Equally  good  steel  can  be 
made  by  either  process,  if  handled  properly,  and  equally  good  materials 
used.  In  working  very  heavy  masses  the  open  hearth  has,  I  think,  the 
preference,  as  it  admits  of  slower  working  than  the  pneumatic,  but  for 
all  weights  of  ingots  covering  requirements  for  structural  work,  I  can  see 
no  reason  for  barring  out  the  Bessemer  converter.  Our  prejudice  has, 
I  think,  been  strengthened,  also,  by  the  fact  that  it  has  been  the  plant 
employed  by  the  rail-makers.  Kail-steel  I  consider  no  more  fitted  for 
structural  purposes  than  rail-iron  as  compared  with  structural  iron. 
Their  organizations  have  been  planned  and  arranged  entirely  for  this 
single  line  of  manufacture,  and  to  turn  aside  for  a  short  time  upon 
another  class  of  products  has  produced  an  uncertainty  in  results  in 
nowise  due  to  the  process,  but  to  the  improper  handling  of  the  same.  I 
feel  confident  a  Bessemer  plant,  organized  with  a  view  to  the  making  of 
special  steel,  will  produce  results  which,  in  practice,  cannot  be  distin- 
guished from  those  of  the  open  hearth,  and  I  think  it  a  matter  of  in- 
justice to  exclude  so  important  a  method  of  manufacture  without  more 
accurate  proofs  than  we  have.  An  engineer's  province  should  be  to 
make  as  rigid  an  inspection  and  tests  as  he  chooses,  but  leave  the 
method  of  working  to  the  manufacturer.  In  support  of  what  I  have 
said  above,  the  following  table  gives  tests  of  Bessemer  steel: 

Tests  59  to  67  were  made  to  conform  to  United  States  Govern- 
ment Specification. 

Tests  69  to  207  were  made  to  conform  to  Lloyds'  Ship  Specifi- 
cation. 
They  were,  as  you  may  see,  upon  greatly  varying  sections,  whereas 
the  cantilever  tests  were  all  upon  test  specimens  of  same  area,  with  same 
reduction  in  rolling,  and  should  on  this  account  have  been  much  more 
uniform  than  had  they  varied  in  these  respects. 
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Per  Square  Inch. 

No.  of 

Original 
Section. 

Length. 

Area  in 
Square 

Inches. 

Stretch, 

per 

Cent. 

Remakes. 

Test. 

Blast  Lc 

Breaking 

Limit. 

Strain. 

59 

3i  X  tJs 

8" 

.4214 

33  900 

53  300 

31.2 

Open  Hearth,  Otis. 

60 

.4088 

37  900 

61  700 

28.9 

CI 

" 

.4214 

38  000 

57  600 

27.3 

62 

'* 

.4214 

37  800 

56  400 

28.1 

63 

" 

.4137 

35  400 

53  400 

30.4 

Open  Hearth,  Otis. 

64 

" 

.4056 

38  400 

61  sun 

25.7 

65 

" 

.4062 

37  600 

-i;  mo 

28.5 

66 

" 

.4056 

37  100 

56  800 

28.9 

67 

,;j> 

.3869 

56  220 

107  500 

9.4 

1  A  Rail  Bloom.    Shows 
{    unsuitability  of  this 

68 

.4418 

53  600 

96  600 

16.4 

)    grade. 

69 

H  X  TSs  < 

.4032 

:;s  ;;imj 

61  500 

29.0 

70 

.4170 

39  300 

58  200 

30.0 

72 

3Xf< 

.4750 

37  470 

61  050 

28.1 

73 

.4855 

36  660 

58  080 

27.3 

103 

4X3< 

.4453 

39  800 

63  160 

28.5 

104 

" 

.4532 

39  490 

63  050 

26.6 

106 

3  X  T\  < 

.4000 

41  870 

66  060 

25.8 

107 

.3920 

44  770 

65  560 

23  4 

116 

5X3i  < 

.5020 

39  340 

61800 

26.2 

153 

,;1 

.4185 

35  840 

65  710 

23.0 

154 

.484 

35  840 

62  910 

24.6 

155 

" 

.448 

38  230 

63  390 

21.9 

156 

3X  2J< 

.3782 

44  550 

66  100 

22.7 

157 

10"  X  §•• 

.3812 

45  840 

68  640 

24.6 

161 

3X  2J  < 

.5200 

39  900 

00  530 

23.0 

163 

" 

.3937 

43  120 

63  240 

20.8 

207 

3  X  3  < 

.4233 

38  090 

59  290 

28.1 

7;1 

37  000 

65  700 

23.0 

37  500 

62  910 

24. « 

<< 

|     

36  OHO 

63  390 

21.8 

8"  I 



39  000 

61  440 

12"  I 

....     '      ,    ., 

41  000 

67  400 

21.9 

42  000 

70  200 

21.5 

The  method  now  in  vogue  of  testing  steel  from  sample  billets  rolled 
into  f  rounds,  I  think  open  to  criticism.  It  tells  us  about  as  much  con- 
cerning our  steel,  as  used  in  the  shops,  as  a  chemical  analysis  of  the 
ingot  would  do.  Test  pieces  should  by  all  means  be  taken  from  the  fin- 
ished sections,  for  what  guard  have  we  against  bad  workmanship  in  the 
rolling  mill  unless  we  do.  The  heating  furnace,  to  which  so  many  failures 
in  iron  can  be  traced,  plays  an  even  more  important  part  in  the  manipu- 
lation of  steel.  I  think  there  would  be  about  as  much  wisdom  in  mak- 
ing all  our  tests  of  wrought-iron  upon  J  rounds,  and  the  iron  mills  would 
never  know  what  a  condemnation  was.  It  is  said  in  answer  to  this  that 
the  manufacturer  of  steel  would  be  put  to  too  great  a  loss  if  condemna- 
tions were  made  upon  finished  material.  I  confess  his  position  is  not  a 
pleasant  one,  as,  in  the  present  case,  5G  per  cent,  of  all  steel  made  was 
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rejected.  But  I  feel  confident  that  the  test  as  now  made  should  not 
be  final.  Another  point  to  which  sufficient  attention  has  not  been  given, 
is  the  very  great  injury  done  to  steel  in  the  operation  of  straightening. 
The  gag  press  should  be  unknown  in  the  steel-mill.  A  number  of  ex- 
periments we  have  made  at  Pencoyd,  fully  confirm  my  strong  language 
in  this  matter. 

It  is  claimed  that  testing,  as  now  done,  gives  us  a  uniform  grade  of 
material.  Take,  for  instance,  a  built-up  section  of  component  parts 
differing  considerably  in  sectional  area,  but  all  of  this  uniform  grade  of 
metal.  Owing  to  difference  in  reduction  of  area  from  bloom  in  rolling, 
these  will  all  give  different  physical  results.  Would  it  not  be  better  to 
have  uniform  physical  results  in  all,  and  a  material  differing  somewhat 
chemically,  which  would  be  necessary  to  produce  this  result  ? 

In  all  our  testing,  I  think  we  have  given  too  great  a  prominence  to 
the  behavior  of  the  material  at  the  point  of  rupture,  an  event  which  we 
trust  will  never  occur  during  the  life  of  our  structures,  and  have  not 
considered  sufficiently  the  action  of  strains  below  and  up  to  the  elastic 
limit.  I  am  well  aware  that  these  belong  more  properly  to  laboratory 
work,  and  yet  they  are  of  the  greatest  importance  in  every  day  work. 
The  fact  first  described  by  Mr.  James  Christie,  M.  Am.  Soc.  C.  E., 
that  per  unit  of  load  steel  and  iron  deflect  equally  within  their  elastic 
limits,  is  of  the  utmost  importance  in  every  day  practice.  The  recent  fail- 
ure of  the  Dolphin,  I  think,  may  partially  be  traced  to  want  of  rigidity, 
due  to  this  very  circumstance,  steel  being  considered,  in  all  respects, 
25  to  20  per  cent,  stronger  than  iron.  In  conclusion,  I  hesitate  to  say 
one  word  more  in  reference  to  Government  aid  in  the  matter  of  testing, 
which  I  believe  is  the  only  solution  of  our  present  difficulties.  As  a 
manufacturer  I  can  speak  for  ourselves  alone,  but  I  do  not  hesitate  to 
say  that  if  the  Government  would  make  tests,  all  the  materials  required 
would  be  furnished  free  of  cost. 

E.  B.  Dorset,  M.  Am.  Soc.  C.  E. — The  thanks  of  every  Member  of 
this  Society  are  due  to  Mr.  Schneider  for  his  very  elaborate  and  lucid 
description  and  plans  of  the  largest  cantilever  bridge  that  has  been 
built;  and,  as  engineers,  we  should  also  thank  him  for  showing  how 
quick  engineering  work  can  be  done.  During  my  residence  abroad  I 
have  heard  many  prominent  foreign  engineers  express  their  astonish- 
ment at  the  speed  with  which  this  bridge  was  built. 
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In  looking  over  the  tables  of  the  tests  of  steel  made  by  Mr. 
Schneider,  one  is  struck  with  the  great  number  of  rejected  heats.  Out 
of  two  hundred  and  forty-five  heats  made  by  the  Spang  Iron  and  Steel 
Company,  one  hundred  and  thirty-six,  or  55  per  cent.,  were  rejected. 
What  was  the  cause  of  this?  Was  it  owing  to  too  high  requirements  in 
the  specifications  or  bad  workmanship  on  the  part  of  the  steel  makers? 

In  my  judgment,  engineers  make  a  great  mistake  in  making  the 
specifications  of  steel  too  high,  for  two  reasons: 

First. — The  cost  of  manufacturing  the  rejected  portion  will  be  added 
by  the  manufacturer  to  the  cost  of  the  part  that  is  accepted.  In  this 
case  over  one-half  of  the  steel  was  rejected,  which  probably  added  50  to 
100  per  cent,  to  the  cost  of  that  which  was  accepted;  while,  if  the  speci- 
fications had  been  lower,  say  the  same  as  Lloyds'  Begister  of  Eng- 
land requires  for  steam-boiler  plates,  viz.,  tensile  strength,  26  to  30 
long  tons  (58  240  to  67  200  pounds)  per  square  inch,  and  elongation,  20 
per  cent,  in  8  inches,  the  rejected  heats  and  wasters  would  not  have 
amounted  to  3  per  cent,  in  a  well-managed  steel-works. 

Thus,  in  order  to  get  one-third  more  tensile  strength,  the  cost  was 
probably  increased  from  50  to  100  per  cent. 

Second. — In  my  opinion,  formed  after  consulting  freely  with  those 
who  have  worked  a  long  time  and  largely  in  mild  steel  for  structural 
purposes,  I  think  the  best  steel  for  this  use,  and  the  one  that  will  work 
the  easiest,  and  be  ,the  most  reliable  under  all  circumstances,  is  that 
with  a  tensile  strength  of  between  60  000  and  65  000  pounds  per  square 
inch,  an  elongation  of  over  20  per  cent,  in  8  inches,  and  which,  heated  to 
a  low  cherry  red  heat  and  cooled  in  water  of  82  degrees  F.,  will  then 
bend,  without  fracture,  to  a  curve  the  inner  radius  of  which  is  one  and 
one- half  times  the  thickness  of  the  piece. 

Steel  of  this  quality  can  now  be  bought  for  about  the  same  price  as 
good  wrought-iron  suitable  for  bridge  work.  In  other  words,  for  the 
same  money,  a  material  one-third  stronger,  and  much  more  reliable  and 
uniform  in  texture,  can  be  obtained.  With  this  advantage  the  engineer 
should  be  contented. 

Above  70  000  pounds  tensile  strength  per  square  inch,  steel  becomes 
uncertain  and  unreliable,  in  fact  very  capricious,  cracking  and  breaking 
without  any  apparent  cause;  while  at  and  below  65  000  pounds  it  is 
entirely  reliable,  being  very  ductile,  and  bending  cold  to  almost  any 
desired  shape. 
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la  using  steel  of  high  tensile  strength,  nominally  the  structure  may 
appear  stronger,  but  in  reality  it  is  probably  weaker  than  if  built  of 
material  of  less  tensile  strength,  but  of  more  uniform  and  reliable  char- 
acter. 

In  my  judgment  our  engineers  are  requiring  too  much  from  steel.  It 
is  undoubtedly  a  very  superior  metal,  and  one  that  will,  in  my  opinion, 
soon  supersede  wrought-iron  almost  entirely,  but  at  the  same  time  they 
should  not  impose  too  much  upon  it. 

It  can  be  made  much  stronger  than  wrought-iron — say  four  times — 
but  until  the  reasons  for  the  capricious  actions  of  the  stronger  kinds 
can  be  discovered  and  remedied,  I  would  not  advise  the  use  of  any  over 
65  000  pounds  tensile  strength  per  square  inch. 

Since  reading  my  last  paper  on  steel  to  this  Society  (at  the  Conven- 
tion at  Buffalo),  I  have  seen  and  consulted  with  many  parties  who  are 
largely  engaged  in  manufacturing  steel  for  structural  purposes,  but  I 
have  heard  nothing  to  induce  me  to  change  or  modify  the  opinions  ex- 
pressed in  that  paper. 

Charles  Douglas  Fox,  Cor.  M.  Am.  Soc.  C.  E. — I  have  read  with 
much  interest  the  ably  written  communication  by  Mr.  Schneider,  de- 
scriptive of  a  Cantilever  Bridge  at  Niagara  Falls. 

It  appears  to  me  that  this  bridge  is  one  in  every  respect  adapted  for 
its  purpose;  admirably  designed,  both  generally  and  in  detail;  and  car- 
ried out  with  remarkable  rapidity.  It  would  have  been  interesting,  for 
purposes  of  comparison,  if  the  cost  had  been  given,  and  perhaps  Mr. 
Schneider  may  consent  to  add  this. 

I  observe  that  the  strains  on  this  bridge  are  simple  and  well  denned, 
and  thus  easily  ascertained,  which  is  unfortunately  too  often  not  the  case. 

I  observe  that  steel  was  only  used  in  compression  and  in  pins,  owing 
to  the  uncertainty  of  its  quality  and  delivery.  Engineers  in  this  country 
are  using  open-hearth  steel  increasingly  in  various  parts  of  structures 
with  great  advantage,  and  tests  are  adopted  which  secure  fairly  uniform 
results. 

The  results  of  the  testing  of  the  tie-bars  appear  to  me  very  low,  viz., 
18£  tons  per  square  inch,  with  10  per  cent,  contraction  and  6  per  cent, 
elongation.  These  are  no  higher  than  are  yielded  by  inferior  plate  iron 
in  this  country. 

The  report  on  the  testing  of  the  bridge  proves  the  great  strength  and 
stability  of  the  structure. 
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I  observe  that  this  bridge  was  designed  by  the  manufacturers,  which 
is  not  usual  with  us  here. 

B.  Baker,  M.  Inst.  C.  E. — Equal  interest  has  been  taken  by  engineers 
on  both  sides  of  the  Atlantic  in  the  Niagara  Cantilever  Bridge,  not  only 
on  account  of  its  intrinsic  merits,  but  by  reason  of  its  being  to  many 
engineers  the  first  known  example  of  a  system  of  construction  now 
attracting  much  attention.  In  illustration  of  the  latter  fact,  the  writer 
may  state  that  he  recently  received  a  letter  from  Palermo,  Sicily,  an- 
nouncing that  an  investigation  of  the  cantilever  bridge  system  was  the 
thesis  appointed  this  year  for  the  consideration  of  engineers  proposing 
to  take  the  degree  of  "doctor."  There  is  little  doubt,  therefore,  that 
cantilever  bridges  will  soon  be  found  in  many  parts  of  the  world. 

As  regards  the  foundations  of  the  Niagara  Bridge,  it  may  be  safely 
concluded  that  no  apprehension  of  insecurity  need  be  entertained.  A 
natural  rip-rap  mound  or  slope,  which  has  had  ages  to  consolidate,  must 
necessarily  be  more  stable  than  an  artificial  mound  of  rubble  stones, 
having  imperfectly  filled  interstices;  and  yet,  in  cases  such  as  the  Holy- 
head Breakwater,  close-jointed  masonry  walls,  40  feet  in  height,  are  sup- 
ported without  any  indication  of  settlement,  though  the  weight  per 
square  foot  upon  the  40-feet  high  rubble-mound  foundation  is  consider- 
ably in  excess  of  that  obtaining  in  the  instance  of  the  Niagara  Bridge. 

The  author  observes  that  if  the  web-systems  were  continuous,  the 
stresses  would  be  ambiguous,  but  that  by  omitting  the  diagonals  in  the 
panel  over  the  braced  piers,  the  stresses  become  well  defined  and  can  be 
determined  with  precision.  There  is,  of  course,  ambiguity  of  stress 
in  every  bridge.  If  a  number  of  eye-bars  are  strung  on  to  one  pin,  the 
stress  upon  each  will  be  affected  by  imperfections  in  workmanship,  by 
variations  in  the  modulus  of  elasticity,  and  by  the  amount  of  cold 
straightening  the  bars  may  have  respectively  undergone.  Within  the 
same  limits,  and  no  further,  the  introduction  of  bracing  in  the  panel 
over  the  pier  woiald  lead  to  ambiguity  of  stress;  but  from  experimental 
results,  the  writer  believes  this  consideration  need  not  affect  the  ex- 
pediency of  putting  on  or  omitting  such  bracing  in  a  cantilever  bridge. 
Much  useful  information  concerning  the  actual  stresses  on  existing 
structures  can  be  obtained  by  a  little  apparatus  of  almost  ridiculous 
simplicity,  arranged  by  Mr.  Stromeyer,  of  Lloyds'  Registry  of  Shipping. 
It  consists  of  two  short  strips  of  polished  hoop-iron  lightly  pressed  to- 
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gether,  and  having  a  little  roller  of  steel  wire  about  ^ h>  OI  an  inch  diameter 
clasped  between.  One  end  of  each  piece  of  iron  is  clamped  to  the  bar 
under  test,  and  a  straw  index-needle  is  fastened  by  sealing-wax  to  the 
end  of  the  wire.  As  the  specimen  extends  or  compresses,  the  steel  wire 
revolves,  and  by  an  easily  constructed  scale,  the  strain  is  read  off.  With 
this  apparatus  the  straining  of  a  ship's  plates  by  a  passing  wave  is 
plainly  apparent,  and  the  writer,  with  it,  has  determined  the  distribu- 
tion of  stress  on  a  braced  steel  column  before  flexure  with  the  most 
satisfactory  certainty. 

The  experience  as  regards  uniformity  of  quality  in  steel  would  appear 
to  have  been  rather  unfortunate  at  the  Niagara  Bridge.  It  has  been  other- 
wise at  the  Forth  Bridge,  where,  although  plates  have  necessarily  been 
rejected  for  surface  defects,  and  for  occasionally  passing  the  limits  of 
required  variation  in  tensile  strength  and  elongation,  not  a  single  plate 
or  bar  has  been  rolled  which  might  not  with  perfect  safety  have  been 
used  in  the  bridge.  The  writer  has  at  times  taken  a  rejected  plate 
with  what  would  look  like  an  ugly  surface  crack  running  along  it, 
and  placed  it,  crack  downwards,  under  a  steam  hammer,  but  he  has 
never  yet  succeeded  in  picking  out  a  plate  which  would  not  bend 
at  least  to  an  angle  of  90  degrees  before  cracking.  Out  of  12  000  tons 
of  steel-work  now  manufactured  at  the  Forth  Bridge,  the  number 
•of  plates  and  bars  which  have  failed  in  forging  and  bending,  or 
otherwise,  has  been  under  half  a  dozen,  and  the  cause  then  was  improper 
treatment,  and  not  bad  quality  of  metal.  Steel  of  a  strength  suitable 
to  bridge-work  requires  the  holes  to  be  drilled  and  the  edges  planed, 
and  no  work  should  be  put  on  the  plates  at  a  blue  heat  without  subse- 
quent annealing.  Apparently  the  usual  temper  test  was  not  enforced 
in  the  case  of  the  steel  for  the  Niagara  Bridge.  This  test  is  imperative, 
as  steel  which  is  affected  more  than  10  per  cent,  either  in  strength  or 
ductility  by  any  kind  of  heating  and  cooling,  is  hardly  suitable  to  the 
requirements  of  the  bridge-builder.  Good  steel,  even  of  as  high  a 
tensile  strength  as  80  000  pounds  per  square  inch,  will  stand  a  great 
deal  in  the  way  of  heating  and  cooling,  though  punching  or  shearing  is 
extraordinarily  fatal  to  its  ductility.  Thus  the  writer  has  made  red  hot 
about  one-third  of  the  area  of  a  3-foot  square  by  lj-inch  thick  plate 
and  cooled  the  plate  by  dashing  water  over  the  whole  surface.  Not- 
withstanding the  heavy  internal  stresses  which  may  be  supposed  to  result 
from  this  treatment,  and  which  have  so  often  been  cited  as  the  cause  of 
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"mysterious  fractures"  in  steel  plates,  the  specimen  so  treated  has  bent 
readily  to  an  angle  of  90  degrees  before  fracture.  On  the  other  hand 
a  similar  plate,  not  heated  and  cooled  at  all,  but  simply  having  the 
edges  sheared,  has  snapped  across  with  a  hardly  visible  amount  of 
bending. 

The  execution  of  the  works  of  the  Niagara  Bridge  in  so  short  a  time 
was  a  feat  of  which  the  engineers  and  contractors  of  any  country  in  the 
world  might  well  be  proud.  Probably  in  this  as  in  almost  every  other 
case,  the  experience  gained  would  suggest  certain  modifications  in  the 
details  of  construction.  As  it  stands,  however,  the  bridge  is  a  very 
interesting  example  of  the  adaptability  of  essentially  American  details 
of  construction  to  a  novel  type  of  bridge.  At  the  Forth  Bridge,  owing 
to  the  magnitude  of  the  parts,  the  details  in  many  respects  present  a 
greater  analogy  to  the  building  of  an  Atlantic  steamship  than  to  that 
of  an  American  bridge.  In  erecting  the  work  the  unit  will  be  a  single 
plate,  and  not  a  complete  strut  or  tie,  as  in  the  case  of  a  smaller  bridge. 
Nearly  all  the  riveting  will  thus  be  done  when  the  plates  are  in  their 
final  position,  and  plant  of  a  novel  kind  has  necessarily  to  be  devised 
for  the  purpose. 

C.  A.  Marshall,  M.  Am.  Soc.  C.  E. — There  are  two  or  three  points 
in  the  remarks  of  Mr.  Roberts  which  I  would  like  to  reply  to.  There 
seems  to  be  no  one  here  to  defend  the  steel  of  that  particular  contract, 
and  I  do  not  like  to  see  the  discussion  become  one-sided.  I  have  no 
interest  therein,  but  I  can  explaiu  partly,  I  think,  the  apparent  irregu- 
larities that  Mr.  Roberts  drew  attention  to.  You  remember  that  the 
specification  requires  the  test  to  be  made  upon  a  J -inch  round  rod  made 
from  a  4-inch  test  ingot.  Our  experience  has  been,  at  the  Cambria 
Iron-works,  that  those  4  or  5-inch  test  ingots,  cast  as  they  are  ordinarily, 
and  as  I  have  no  doubt  was  done  in  this  case,  without  any  special 
precautions,  will  not  be  uniform — will  not  give  reliable  results.  We  can 
correlate  very  well  the  chemistry  and  the  test  of  a  J -inch  round  piece 
when  we  take  our  test  billet  out  of  the  large  ingot;  but  the  small  ingots 
are  full  of  blow-holes  and  cold  shuts,  and  make  miserable  bars.  In 
many  cases  bars  coming  from  them  are  not  such  as  can  be  used — would 
not  be  merchantable  steel;  and  I  think  that  will  explain,  in  a  very  con. 
siderable  percentage  of  cases,  the  irregularity  that  Mr.  Roberts  drew 
attention  to. 
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At  any  rate  we  have  discarded  the  use  of  such  ingots  in  every  case 
we  possibly  can.  Mr.  Roberts  mentions  also  that  the  objection  to  dis- 
carding those  ingots  is  that  it  entails  a  loss  on  the  manufacturer  to  work 
up  a  portion  of  his  steel  into  its  final  shape.  It  is  true  there  is  such  a 
loss  if  the  steel  is  rejected;  but  there  is  also  the  advantage  that  a  good 
deal  more  of  the  steel  gets  a  fair  test  and  goes  through.  Mr.  Roberts 
also  mentions  the  manufacturer's  loss  in  testing  the  finished  material. 
It  is  also  to  be  remembered  that  the  engineers,  the  contractors,  or  Avho- 
ever  is  buying  the  steel,  lose  a  great  deal  too  by  that  method.  They 
lose  time.  If  any  question  arises  as  to  the  suitability  of  any  heat  or 
blow  of  steel  after  it  has  all  been  rolled,  and  after  the  rolls  have  been 
changed  and  the  mills  have  gone  on  to  other  work,  there  is  a  loss  to  the 
manufacturer  and  the  buyer  in  waiting  until  new  steel  can  be  made  and 
rolled. 

I  Avould  like  to  call  attention  also  to  the  fact  that  the  method  of  test- 
ing, which  many  advocate,  of  cutting  test-pieces  from  the  finished 
material,  and  accepting  or  rejecting  material  from  those  tests,  has  caused 
a  great  deal  of  dissatisfaction  in  England,  where  this  method  has  been 
followed  for  ship  plates,  etc.  I  am  sure  any  one  who  will  read  up  back 
numbers  of  the  Proceedings  of  the  Institution  of  Naval  Architects  will 
discover  that  fact.  They  have  been  through  the  experience,  and  paid 
for  it  dearly.  Another  point  bearing  on  the  same  subject  is  the  question 
as  to  whether  we  should  require  a  certain  uniform  ultimate  strength  or 
physical  characteristics  from  finished  material  of  different  sizes  and 
shapes.  Different  treatment,  as  is  well  known,  causes,  in  the  same  steel, 
these  physical  characteristics  to  vary.  I  do  not  wish  to  undertake  to 
discuss  the  subject  thoroughly,  which  I  am  not  prepared  for,  but  would 
call  your  attention  to  a  paper,  which  many  of  you  have  doubtless  seen, 
relating  to  some  boiler  plates  which  Mr.  W.  Parker,  Chief  Engineer- 
Surveyor  of  Lloyds'  Register,  investigated.  The  boiler  plates  were 
made  to  such  a  specification;  they  were  required  to  have  a  certain  ulti- 
mate strength  between  definite  limits.  These  particular  plates  were,  I 
think,  lj  inches  thick,  and  were  required  to  have  the  same  strength  as  a 
i-inch  or  a  f-inch  plate. 

The  result  was  that  the  manufacturers,  in  order  to  attain  that  specific 
result,  put  in  the  neighborhood  of  i\-0-  per  cent,  carbon.  They  obtained 
the  ultimate  strength,  but  got  plates  which  would  not  stand  the  shop 
work  that  the  boilers  had  to  undergo,  particularly  the  heating,  and  the 
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plate  cracked  when  the  boiler  was  finally  tested.  In  bridge  work,  it  is 
true,  the  material  has  not  to  stand  siich  extreme  torture  as  in  boiler  work, 
but  nevertheless  there  are  other  more  important  points  to  be  looked 
after  in  material  to  be  put  into  a  bridge  than  simple  ultimate  strength. 
The  cost  of  the  bridge  is  made  up  of  material,  in  which  you  can  save  by 
adding  strength,  and  of  workmanship,  in  which  you  lose  by  adding 
strength. 

G.  Lindenthal,  M.  Am.  Soc.  C.  E.— The  Cantilever  Bridge  over  the 
Niagara  Eiver,  by  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  is  typical  of  a  class 
of  continuous  girders  over  four  (4)  supports,  which  has  certain  advan- 
tages in  bridging  streams  where  the  erection  of  false-works  for  the  mid- 
dle span  is  impracticable.  The  girders  can  be  calculated  with  precision 
on  statical  principles  with  as  rigid  economy  in  the  use  of  material  as  in 
common  truss  bridges. 

A  comparison  of  weights  with  single-span  girders  of  same  spans  and 
for  double  track,  and  with  parallel  chords  and  for  same  loads,  will  be 
instructive. 

Thus,  the  following  weights  of  Iron  and  Steel  (steel  in  compression 
members  only),  for  ordinary  trusses,  including  100  pounds  per  lineal 
foot  for  hand-railings,  are  deduced  from  experience  as  minimum 
weights: 

Two  208-foot  spans,  2  800  pounds  per  lineal  foot,  582.4  tons. 

One  495-foot  span,   6  200  pounds  per  lineal  foot,  1534.5     " 


Total 2216.9     " 

The  weights  as  given  by  Mr.  Schneider  are  : 

For  cantilevers 3  211  134  pounds 

"    intermediate  span.  . .    294  973      " 
"    anchorage 181032      " 

Total 3  687  139      "  equal  to  1843.6  tons. 


The  cantilever  bridge  is  lighter  by. . . 273.3     " 

The  saving  is  nearly  13  per  cent,  as  compared  with  single-span 
girders.  In  this  connection  could  be  mentioned  the  Kentucky  River 
Bridge,  by  C.  Shaler  Smith,  M.  Am.  Soc.  C.  E.,  as  another  type  of  pin- 
connected  continuous  girders  with  stringers  of  wrought-iron.  It  has 
three  (3)  spans  of  375  feet  each,  single  track. 
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A  comparison   of  weights  with  a  discontinuous  girder  bridge  with 
the  same  floor  construction  and  for  same  loads,  is  as  follows: 
Actual  weight   of   continuous   girders  over  three 

375-feet  spans 1  427.7  tons. 

Weight  of  iron  in  discontinuous  girders  per  lineal 

foot  3  100  pounds,  assumed  from  experience  .   1  743.7     " 


Difference 316.0     " 

representing  a  saving  in  material  of  about  18  per  cent,  as  compared  with 
ordinary  trusses.  Continuous  girders,  hinged,  one  way  or  the  other, 
show  then,  a  saving  in  material,  which,  however,  does  not  always  imply 
saving  in  cost.  The  cost  of  manufacture  and  erection  may  sometimes 
wipe  out,  if  not  exceed  the  saving  in  material.  For  the  Niagara  Bridge, 
however,  the  cost  of  manufacture  could  not  have  been  greater  than  for 
ordinary  pin-connected  bridges,  the  character  of  details  and  work  being 
the  same.  The  cost  of  erection  is  not  given  in  Mr.  Schneider's  paper, 
but  it  could  hardly  have  been  more,  if  not  less,  than  if  the  girders  could 
have  been  erected  on  false-works  resting  on  the  bottom  of  a  ravine  150 
feet  deep,  a  method  wrhich,  of  course,  could  not  be  thought  of  in  this 
case.  If  this  is  correct,  cantilever  bridges  are  cheaper  for  long  spans 
than  ordinary  truss  bridges,  even  in  cases  where  the  erection  on  false- 
works is  convenient. 

While,  in  continuous  girders  without  hinges  (or  with  hinges  arranged 
as  in  the  Kentucky  River  Viaduct),  the  dead  load  may,  without  serious 
error,  be  assumed  as  evenly  distributed,  such  can  evidently  not  be  done 
for  an  arrangement  as  in  the  Niagara  Bridge,  and  Mr.  Schneider  justly, 
calls  attention  to  the  importance  of  the  question  of  how  the  distribution 
of  dead  weight  in  the  cantilever  shall  be  assumed. 

An  approximation  of  the  distribution  of  material,  and  therefore 
weight  in  a  girder,  will  be  obtained  from  a  solid  beam  of  rectangular 
section  in  which  the  height  changes  with  the  moment  of  resistance  at 
the  respective  sections.  Thus  we  obtain  for  a  uniform  load  on  a  beam, 
for  its  profile,  a  half -ellipse. 

But  from  experience  we  know  that  the  weight  of  framed  single-span 
bridges  is  nearly  uniform;  the  wind  bracing  is  heavier  towards  the 
abutments,  and  is  to  be  added  to  the  weight  of  the  trusses  proper,  so 
that  the  weight  per  lineal  foot  remains  nearly  the  same;  it  is  represented 
by  a  rectangular  profile  instead  of  an  elliptical  one.  In  a  beam  supported 
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at  one  end  only  (a  cantilever  or  bracket),  the  conditions  are  different.  For 
a  uniform  load,  the  form  of  the  bracket  would  be  a  triangle,  and  for  a 
load  uniformly  decreasing  towards  the  end,  the  bracket  would  have  the 
shape  of  a  triangle,  with  the  upper  edge  straight  and  the  lower  edge  in 
a  concave  curve,  a  parabola  of  the  |  degree,  if  we  neglect  in  each  case 
the  weight  of  the  bracket  itself. 

The  dead-load,  or  weight  of  cantilevers  in  longer  spans  forms  such 
a  large  part  of  the  total  load,  that  on  its  more  or  less  correct  assumed  dis- 
tribution the  design  depends  for  its  success. 

Thus  in  the  Niagara  Bridge  the  dead-load  represents  about  45  per- 
cent, of  the  total  load,  and  in  the  Forth  Bridge,  now  in  process  of  con- 
struction in  Scotland,  the  dead-load  represents  about  90  per  cent,  of 
the  total  load.  A  few  trial  calculations  will  always  be  necessary  to 
narrow  the  results  down  to  the  nearest  approximation.  This  is  even  a 
better  way  thau  a  mathematical  analysis  of  the  problem,  "  to  find  the 
profile  of  a  bracket  in  which  the  ordinates  are  proportionate  to  the 
moments  of  resistance  at  each  section  from  the  imposed  loads,  including 
the  load  of  the  bracket  itself." 

The  analysis  is  difficult  and  intricate,  involving,  as  it  does,  the  cal- 
culus of  variations.  I  am  not  aware  of  a  solution  of  this  problem,  and 
I  doubt  whether  it  would  furnish  us  with  any  practical  results. 

The  conditions  of  maximum  strains  are  :  1 — A  load  suspended  from 
the  end.  2— A  uniformly-distributed  train  load.  3 — The  load  of  the 
wind  bracing,  uniformly  increasing  towards  the  supports.  4 — The 
load  of  the  cantilever  girder  itself. 

The  limiting  curve  is  probably  of  a  changing  character,  concave 
towards  the  axis  at  its  origin  and  for  some  distance  away,  and  then 
becoming  convex.  The  solution  of  the  problem  includes  the  finding 
of  the  area  inclosed  by  this  curve  by  the  axis  and  by  the  ordinate  at 
point  of  support;  and  then  finding  the  minima  of  the  sum  of  this  area 
and  one-half  the  area  of  suspended  span,  which  may  be  assumed  rect- 
angular. Having  found  the  expression  for  the  minima,  from  it  may 
theu  be  found  the  relative  lengths  of  the  cantilever  and  suspended 
girders  for  the  most  economical  arrangement  as  respects  amount  of 
material.  But  this  may  again  vary  greatly  with  the  system  of  the 
cantilever,  so  that  the  general  solution,  as  outlined  above,  is  not  as 
reliable  as  an  empirical  investigation  in  each  particular  case.  There  is 
reason  to  believe  that  designing  a   cantilever  bridge    merely  so   as  to 
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obtain  greatest  economy  of  material,  will  not  give  the  best  design.     It 
may  become  wanting  in  rigidity. 

The  deflections  under  moving  loads  are  greater  in  a  cantilever  girder 
than  in  any  other  kind  of  girder. 

The  deflection  of  nearly  7  inches,  of  the  Niagara  Bridge  under  the 
test-load  on  both  tracks,  and  4  inches  under  the  test-load  on  only  one 
track,  shows  this  to  be  the  case  by  actual  trial.  This  means  that  for 
fast  trains  the  cantilever  bridge  is  not  as  well  suited  as  other  designs. 
This  is  an  important  defect.  A  cantilever  bridge  is  vertically  and  later- 
ally the  least  rigid  of  bridge  systems,  other  things  being  equal. 

There  are  two  ways  to  reduce  the  deflection.  One  is  to  make  the 
cantilevers  high  at  the  point  of  support  as  compared  with  their  length 
(as  Mr.  Baker  has  done  in  his  Forth  Bridge),  and  the  other  is  to  reduce 
the  length  of  the  cantilever  as  compared  with  length  of  suspended 
truss.  This  again  may  result  in  greatly  increased  weight  of  the  bridge. 
To  balance  all  these  questions  in  the  design  is  one  of  the  intricate 
problems  of  modern  bridge  engineering.  Mr.  Schneider's  Frazer  River 
Bridge  has  some  points  of  excellence  which  are  not  in  the  Niagara 
Bridge.  They  are  the  solid  stone  piers  on  which  the  cantilevers  are  sup- 
ported at  only  one  point,  presumably  having  a  roller-bearing  on  the 
pier;  and  the  single  diagonal  system  instead  of  the  double  diagonal  as 
in  the  Niagara  Bridge. 

In  the  Niagara  Bridge  the  cantilevers  have  movable  bearings  at  the 
anchorages,  therefore  the  resistance  to  a  train  braking  on  the  bridge 
must  all  be  from  the  towers. 

Taking  a  train  over  one-half   the  length    of  the  bridge  =  455   feet, 

averaging  2  500  pounds  per  lineal  foot,  and  the  resistance  between  rail 

and  wheels  as  10  per  cent,  of  the  train  load,  as  usually  assumed,  then 

455  X  2  500 
the  whole  -  -=57  tons  must  be  resisted  by  the  tower.     From 

10  J 

this  the  strain  on  the  diagonals  would  be  about  9h  tons 'per  square  inch, 

and  at  the  foot   of   the  tower  245  tons,  or  about  122 J  tons  on   each 

post,  for  which  no  special  allowance  seems  to  have  been  made.     It  is 

not  likely  that  the  maxima  from  train  load  on  both   tracks  from  wind 

and  braking  will  occur  simultaneously  ;  but  if  they  did,  the  resulting 

strain  of  about  9  J  tons  per  square  inch  on  the  steel  columns  as  designed, 

would  still  appear  to  be  within  safe  limits. 

However,  as  the  braking  of  a  train  produces  a  bending  of  the  tower, 
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it  is  liable  to  set  up  in  the  structure  a  slight  lurching  motion,  and  there- 
fore the  above  construction  is  not  favorable  to  rigidity. 

All  this  couhl  have  been  avoided  by  anchoring  the  ends  of  the 
cantilevers  fast,  and  having  roller-bearings  on  the  towers.  The  arrange- 
ment in  the  Frazer  River  Bridge  is,  I  believe,  the  better  of  the  two. 

If  Mr.  Schneider  had  adhered  to  his  original  intention  of  using  the 
single  diagonal  system,  as  shown  in  his  first  sketch,  it  would  have  been 
an  improvement  over  the  double  diagonal  system,  as  it  always  is  wher- 
ever practicable.  In  the  single  diagonal  system  the  strains  are  massed 
into  larger  and  more  compact  members,  through  which  they  reach  the 
supports  on  a  shorter  way. 

The  detail  arrangement  at  both  ends  of  cantilevers,  of  uniting  both 
diagonal  systems  on  one  pin,  and  connecting  this  pin  with  a  short  link  to 
the  chord  pin,  is  theoretically  correct,  because  thereby  the  strains  in 
both  systems  of  diagonals  become  statically  determinate,  though  prac- 
tically it  does  not  work  well.  One  reason  is  that  the  strains  divided  up 
at  the  link  pin,  enter  into  tension  members  of  different  length.  The 
shorter  diagonal  transmits  its  component  into  the  chord  sooner  than  the 
longer  one.  Another  reason  is  that  the  maxima  in  the  diagonals  occur 
consecutively  and  not  simultaneously.  The  result  is  a  slight  pen- 
dulum motion  of  the  link,  as  observed  under  the  action  of  the  rolling 
load. 

The  omission  of  the  diagonals  in  the  cantilevers  above  the  towers 
shows  Mr.  Schneider's  appreciation  of  clearly  defined  strains. 

There  are  many  continuous  girder  bridges  having  double  bearings 
on,  and  a  continuous  diagonal  system  over  the  piers,  without  any  pro- 
vision against  the  mischief  which  such  an  arrangement  is  sure  to 
cause. 

A  notable  example  is  the  celebrated  Iglawa  Viaduct  of  the  Austrian 
State  Railway  in  Austria,  having  G  spans  of  200  feet  each,  supported  on 
cast-iron  towers  similarly  to  the  Niagara  Bridge,  but  with  the  trusses 
continuous  over  the  supports.  It  was  built  in  1870.  The  rocking 
motion  of  the  rigid  girders  over  the  towers  caused  excessive  strains,  and 
injured  the  towers  so  that  they  had  to  be  rebuilt  of  wrought-iron 
recently. 

The  Cantilever  Bridge  over  the  Forth  in  Scotland,  now  build- 
ing, is  another  such  example  with  double  supports  for  the  cantilevers. 
The  middle  cantilever  on  the  Island  of  Inchgarvie  must  have  diagonal 
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bracing  between  supports  to  prevent  a  tilting  of  the  structure  under 
a  moving  train;  but  the  shore  cantilevers  need  no  such  bracing,  as  the 
shore  end  is  anchored  down.  Still  the  diagonal  bracing  has  been  put 
in,  and  consists  not  only  of  ties,  but  of  immense  intersecting  tubes, 
8  feet  in  diameter,  capable  of  taking  compression  and  tension  alter- 
nately. They  are  not  only  unnecessary,  but,  if  they  act  at  all,  the  effect 
will  do  mischief,  and  never  any  good.  The  system  is  no  longer  static- 
ally determinate. 

The  strains  in  the  shore  cantilevers  become  ambiguous,  and  for 
safety  the  upright  columns  ought  to  be  made  much  stronger  than  would 
be  necessary  if  the  diagonals  were  not  put  in.  Granted,  that  on  account 
of  the  small  proportion  of  live  to  dead  load  the  ambiguity  from  the 
effect  of  the  live-load  cannot  be  very  great,  the  mischief  can  be  great 
in  case  of  settlement  of  any  of  the  foundations  after  erection.  Though 
the  great  care  with  which  the  work  is  conducted  reduces  very  much  the 
probability  of  such  an  occurrence,  it  is  still  better  to  design  a  structure 
so  that,  if  it  does  occur,  it  can  do  no  harm.  In  this  view,  compare  the 
Niagara  Bridge  with  the  Forth  Bridge.  The  pin  connections  of  the 
former  and  the  rigid  riveted  connections  of  the  latter. 

Suppose  the  diagonals  between  supports  left  out  in  both  bridges, 
then  the  hinged  connections  of  the  Niagara  Bridge  adjust  themselves 
under  the  influence  of  moving  load,  changes  of  temperature  or  settle- 
ment of  supports,  without  sensible  change  in  the  stresses.  On  the 
other  band,  the  rigid  riveted  and  some  of  them  eccentric  connections  of 
the  Forth  Bridge  cannot  adjust  themselves,  under  similar  conditions, 
without  seriously  overstraining  the  metal.  The  unavoidable  secondary 
strains  can  be  made  a  minimum  with  correctly- designed  pin  connections; 
they  can  never  be  less  than  a  maximum  with  rigid  riveted  connections 
in  which  they  may,  from  slight  causes,  strain  the  metal,  even  more  than 
the  primary  strains  due  to  the  loads.  Particularly  in  the  Forth  Bridge 
the  cross  strains  at  the  connections  will  be  greater  from  dead  than  from 
live-load,  as  panel  after  panel  is  added  during  erection. 

Again,  compare  the  Niagara  Bridge  with  the  Forth  Bridge  in 
the  event  of  one  girder  settling  more  than  the  other.  The  usual 
system  of  cross-bracing  here  with  adjustable  members,  allows  of  easy 
correction,  against  no  adjustment  in  the  rigid  connections  of  the  Forth 
Bridge. 

In  point  of  quick  manufacture  and  erection,  the  Niagara  Bridge  is  an 
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example  of  what  can  be  done  with  the  present  improved  methods  of 
bridge  construction. 

If  I  should  discuss  in  this  connection  the  advantage  of  pin-connec- 
tions to  riveted-connections  in  bridges,  I  should  only  repeat  what  so 
often  has  been  discussed  before,  and  always  with  the  same  result, 
namely,  in  favor  of  pin-connections,  which  are  now  universally  recog- 
nized as  superior  to  all  others  in  rational  bridge  construction. 

The  architectural  appearance  of  the  Niagara  Bridge  will,  to  many, 
not  be  pleasing.  Having  Boebling's  graceful  railway  bridge  for  a  near 
neighbor,  the  disappointment  may  be  the  result  of  contrast  of  designs. 

Wm.  Sellers,  M.  Am.  Soc.  C.  E. — I  would  like  to  say  a  few  words 
with  reference  to  the  specifications  which  have  been  read,  and  to  which 
my  attention  was  directed  particularly  by  Mr.  Collingwood's  remarks. 
Not  having  read  the  specifications,  1  am  not  able  to  say  whether  or  not 
the  chemical  tests  referred  to  are  required.  For  myself  I  have  always 
held  that  an  engineer  oversteps  his  position  when  he  requires  such 
chemical  tests,  or  in  fact  any  other  provision  of  manufacture.  He  ought 
to  leave  the  manufacturer  entirely  free  to  avail  himself  of  all  the  knowl- 
edge he  can  acquire  to  produce  the  quality  of  work  which  is  desired, 
and  that  quality  ought  to  be  determined  solely  by  physical  tests.  The 
reference  to  the  eye  bars  made  by  the  Edge  Moor  Iron  Company  was 
simply  a  few  experiments  that  were  tried  some  months  ago  and  which 
have  been  since  extended,  and  I  have  with  me  some  drawings  of  bars 
that  have  been  pulled  to  the  destruction  of  the  bar,  in  which  the  excess 
in  the  eye  was  but  12r0  per  cent,  above  the  bar.  With  proper-sized  pins 
in  proportion  to  the  width  of  the  bar,  that  excess  need  not  be  over  10  per 
cent.  There  was  a  matter  referred  to  in  Mr.  Baker's  discussion  in  refer- 
ence to  condemnations  for  non-conformity  to  the  specifications;  he  spoke 
of  heating  a  plate  of  steel  over  two-thirds  of  the  width  and  cooling  it 
off  with  water,  as  if  the  cooling  was  injurious  to  it,  or  that  it  might  be 
supposed  that  such  cooling  would  be  injurious  to  it.  My  own  impres- 
sion is  that  the  cooling  with  water  was  all  that  saved  it.  I  do  not  know 
what  the  effect  would  have  been  if  he  had  allowed  it  to  cool  off  grad- 
ually, but  my  impression  is  that  it  would  have  been  a  worse  plate.  The 
cooling  off  was  actually  giving  it  work. 

My  experience  is  that  it  would  break  at  the  point  where  the  heated 
portion  merges  into  the  cold;  so  that  in  all  such  plates  and  bars  I  have 
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thought  necessary  to  anneal — but  annealing  is  hardly  the  right  word; 
we  assume  that  in  annealing  the  plate  is  to  be  cooled  off  very  slowly — 
I  think  the  only  requisite  is  that  the  plate  or  bar  should  be  cooled  off 
uniformly.  If  the  cooling  is  too  much  prolonged  the  ultimate  strength 
will  be  reduced  and  its  ductility  will  be  increased,  but  if  it  is  cooled  off 
as  rapidly  as  it  is  cooled  after  rolling,  and  as  uniformly,  the  bar  will  be 
estored  to  its  original  characteristics. 

F.  Collingwood,  M.  Am.  Soc.  C.  E. — One  point  has  been  men- 
tioned by  Mr.  Marshall  that  I  wish  to  speak  of.  He  says  a  great  deal 
of  trouble  has  arisen  from  engineers  requiring  tests  of  finished  work. 

I  do  not  see  how  an  engineer  is  safe  in  relying  upon  anything  else, 
since  in  finishing  the  work  it  is  subjected  to  the  various  processes  of 
hammering,  rolling,  cutting,  cooling,  and  often  of  reheating  and  forg- 
ing— all  tending  to  change  the  character  of  the  material  if  not  care- 
fully done. 

If  by  finished  work  is  meant  angles  and  bars  of  various  sections,  or 
plates  rolled  and  cut  to  dimension,  I  cannot  see  that  the  testing  of 
crop- ends  or  shearings  by  a  bending  test  (or  any  other)  can  cause  any 
loss  to  the  mamxfacturer,  as  these  tests  can  all  be  made  at  the  mill. 
Other  tests  I  have  spoken  of  as  made  from  the  blooms  or  casts,  are 
made  for  the  purpose  of  determining  whether  the  material  is  of  the 
right  character,  and  then  the  tests  on  each  piece  to  see  whether  that 
piece  has  been  damaged  in  manipulation. 

Simply  to  see  that  the  bar  has  not  been  rolled  at  too  low  a  heat  is 
enough,  however,  for  if  the  steel  be  at  all  of  a  high  grade  the  subse- 
quent operations  of  forging  into  eye-bars  may  leave  it  in  a  very  unsatis- 
factory condition,  and  this  is  the  really  difficult  part  of  the  problem. 
Careful  inspection  to  mitigate  as  far  as  possible  the  effects  of  unequal 
heating,  with  a  certain  number  of  check  tests  on  full-sized  bars  are  all 
that  can  be  done.  It  would  seem  to  be  desirable  that  all  work  of  this 
character  be  annealed  throughout  when  in  finished  shape.  The  specifi- 
cations should  be  explicit  as  to  the  amount  of  testing  to  be  done,  and 
then  the  manufacturer  should  consider  it  a  part  of  his  prime  cost. 

Wm.  Sellers,  M.  Am.  Soc.  C.  E. — There  is  one  word  that  I  omitted 
to  say.  I  omitted  to  say  anything  upon  that  question  of  drilling.  I 
find   that  the   universal   practice  in  Europe  is   to  drill  all  plates,  and 
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undoubtedly  such  plates  are  not  injured  in  that  way.  But  there  is  one 
thing  in  connection  with  them  that  is  not  ascertained.  My  experience  on 
the  East  River  Bridge  leads  me  to  believe  that  it  is  better  policy  to 
punch  all  work  that  can  be  punched,  because  with  steel  made  in  this 
country  there  is  no  absolute  certainty  that  the  same  character  of  metal 
will  be  found  all  over  the  plate  or  bar.  Now  if  it  is  punched  and  there 
is  an  excess  of  manganese  it  will  break.  Occasionally  we  came  across 
bars  that  would  not  punch,  but  broke  like  glass,  and  invariably  this  was 
caused  by  a  local  excess  of  manganese.  If  drilled  we  would  not  have 
discovered  that  there  was  this  excess  of  manganese,  so  that  I  prefer  the 
punching  and  reaming  to  drilling.  The  drilling  is  cheaper,  but  not 
quite  so  safe  as  punching  and  reaming. 

P.  Koberts,  Jr.,  M.  Am.  Soe.  C.  E. — I  wish  to  call  attention  to  the 
point  which  is  often  made,  that  open-hearth  steel  is  more  uniform 
than  that  made  in  the  Bessemer  converter,  and  the  former  should  be 
the  only  material  used  in  our  structural  work.  I  have  seen,  as  yet,  no 
tests  advanced  as  proofs  of  these  assertions,  and,  in  the  absence  of 
such,  doubt  their  correctness.  The  method  of  testing  steel  which  at 
present  is  often  used  I  consider  totally  wrong,  namely,  to  take  an  ingot, 
roll  this  say  into  a  4-inch  billet,  and  then  reduce  to  a  1-inch  round, 
from  which  the  test  piece  is  cut,  and  upon  the  result  of  this  test  accept 
or  reject  the  steel  belonging  to  this  heat,  rolled  into  various  shapes 
upon  different  mills.  There  would  be  about  as  much  wisdom  in  making 
all  tests  of  structural  iron  upon  f -inch  round  samples,  and  I  doubt  if 
any  condemnations  would  ever  occur.  There  is  more  danger  from  im- 
proper heating  of  steel  after  being  cast  than  from  any  other  cause,  and 
upon  no  consideration  should  acceptance  of  material  be  made  until  tests 
of  final  product  be  had.  This  is  opposed  by  makers  of  steel,  on  the 
grounds  of  large  rejections  which  would  be  made  of  material  in  a  form 
useless  for  other  purposes.  In  the  case  of  the  Cantilever  Bridge,  56 
per  cent,  of  the  steel  made  was  condemned;  hence  they  prefer  the  rejec- 
tions to  be  made  upon  blooms,  that  these  may  lie  used  for  other  pur- 
poses. If  we  make  the  sample  tests,  they  should  be  but  preparatory, 
and  under  no  consideration  final. 

C.  L.  Strobed,  M.  Am.  Soc.  C.  E.— I  have  read  Mr.  Schneider's 
paper  with  very  much  interest  and  satisfaction.     So  complete  and  faith- 


584  DISCUSSION    ON    NIAGARA    CANTILEVER   BRIDGE. 

ful  an  account  of  an  important  engineering  work  is  always  valuable, 
but  it  is  particularly  so  when  the  principles  of  construction  involved 
have  not  often  been  put  into  practice  before.  Only  a  limited  number 
of  cantilever  bridges  have  thus  far  been  built,  and  the  Niagara  Bridge 
is  the  most  conspicuous  example  of  this  type. 

A  feature  of  the  bridge  is  its  large  deflection  under  load,  comparing 
this  deflection  with  that  usual  for  a  discontinuous  bridge  of  the  same 
span-length  between  supports.  There  are  three  causes  for  this:  First, 
the  use  of  steel,  and  the  greater  unit  strains  allowed  for  this  material; 
secondly,  the  use  of  metallic  towers  for  the  intermediate  supports;  and 
thirdly,  the  great  length  of  the  cantilever  arms  as  compared  with  span- 
length  between  supports. 

As  regards  the  first  cause,  if  we  assume  that  the  modulus  of  elas- 
ticity for  steel  in  compression  is  the  same  as  for  wrought-iron,  the  steel 
compression  members  in  the  Niagara  Bridge  will  shorten  under  load 
37£  per  cent,  more  than  they  would  if  these  members  were  iron.  The 
exact  value  of  the  compression  modulus  for  steel  has  not  yet  been 
determined,  but  it  is  probably  nearly  the  same  as  that  of  wrought-iron. 
This  cause  will  therefore  tend  to  increase  the  deflection  materially. 

The  second  and  third  causes  go  together.  The  shortening  of  the 
towers  under  load  causes  a  drooping  of  the  ends  of  the  river  arms  of  the 
cantilevers  which  support  the  middle  120-foot  span,  and  the  longer  these 
arms,  and  consequently  the  shorter  the  middle  span,  the  greater  will  be 
the  deflection  (or  lowering)  of  the  cantilever  end  from  this  cause.  It 
becomes  maximum  if  the  two  cantilever  arms  in  the  middle  bay  are 
each  made  to  reach  over  half  the  bay,  so  that  their  ends  meet  and  the 
middle  span  is  eliminated.  It  is  most  convenient  to  treat  of  cantilever 
bridges  as  continuous- girder  bridges  having  their  points  of  contrarlex- 
ure  fixed  in  position  in  every  alternate  span  by  the  cutting  of  one  of  the 
chords.  The  deflection  of  a  continuous  girder  is  less  than  that  of  a  dis- 
continuous girder  of  the  same  span  length  between  supports,  and  the 
deflection  of  a  cantilever  girder  will  be  the  same  as  that  of  a  continuous 
girder  if  the  fixed  points  of  contraflexure  coincide  with  the  points  of  con- 
traflexure  of  the  latter.  In  the  Niagara  Bridge  the  fixed  points  of 
contraflexure  do  not  so  coincide,  but  on  the  contrary  are  far  removed 
from  the  supports  and  brought  nearer  together,  whereby  the  length  of 
the  middle  discontinuous  girder  is  reduced. 

In  Mr.  C.  Shaler  Smith's  Kentucky  Biver  Bridge,  Cincinnati  South- 
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ern  Railway,  the  fixed  points  of  contraflexure  are  located  in  the  shore 
spans,  and  the  ratio  of  cantilever  arm  to  distance  between  supports  is 
only  1  to  5,  while  in  Niagara  it  is  1  to  2 . 7.  The  bays  are  equal,  and  a, 
lowering  of  the  tower  supports  due  to  the  shortening  of  the  columns 
under  load  is  increased  at  the  cantilever  end  only  20  per  cent.,  while  it  is 
increased  90  per  cent,  in  the  Niagara  Bridge.  So  far  as  can  be  judged 
from  observations  made,  which  were  not  very  reliable,  the  deflections  of 
the  Kentucky  Bridge  are  very  moderate  and  probably  do  not  exceed  the 
usual  limits  for  discontinuous  girders  of  the  same  span  length,  and  this 
notwithstanding  the  towers  are  higher  by  40  feet  than  those  of  the 
Niagara  Bridge.  A  part  of  this  difference  in  deflection  is,  of  course,  due 
to  the  material,  which  is  all  iron  in  the  Kentucky  River  Bridge.  But 
only  a  very  small  part  can  be  accounted  for  in  this  manner. 

I  have  had  occasion  to  make  an  accurate  calculation  of  the  maximum 
deflection  of  the  channel  span  in  the  Ohio  River  Bridge  at  Henderson, 
now  building.  The  girders  are  single  system  Warren,  with  parallel 
chords,  practically  all  steel,  and  discontinuous.  The  span  length  is 
522  feet  between  supports,  or  52  feet  greater  than  in  Niagara.  The 
depth  of  truss  is  56  feet.  Assuming  the  modulus  for  steel  in  both  ten- 
sion and  compression  =  29  000  000,  the  maximum  deflection  was  found 
to  be=3£  inches,  as  compared  with  8xf  inches  in  the  Niagara  Bridge 
if  the  upward  and  downward  motions  of  the  cantilever  ends  are  added, 
and  7  jV  if  only  the  downward  motion  is  considered. 

The  position  of  the  fixed  points  of  contraflexure  in  the  Niagara 
Bridge  was,  of  course,  determined  by  the  mode  of  erection  adopted,  and 
while  unfavorable  both  as  regards  deflection  and  economy  of  materials, 
it  is  very  favorable  as  regards  ease,  security  and  economy  of  erection. 

I  do  not  consider  that  the  introduction  of  the  short  links  connecting 
the  last  two  sets  of  ties  with  the  pin  at  the  ends  of  the  cantilever  arms 
tends  to  define  the  strains  in  these  ties  except  to  a  very  limited  extent, 
and  I  regret  Mr.  Schneider  did  not  follow  his  preference,  and  adopt  a 
single  system  of  diagonals  for  the  cantilevers,  thereby  removing  all 
ambiguity  of  strain.  I  do  not  think  the  bridge  would  thereby  have  suf- 
fered, either  in  economy  or  constructive  advantages. 

Mr.  Schneider  attaches  due  importance  to  the  avoidance  of  eccen- 
tricity, and  in  his  main  connections  in  trusses,  and  approximately  so  in 
transverse  bracing  of  columns,  the  center  lines  of  strains  intersect  in 
the  same  point  at  each  vertex.      "While  it  is  not  necessary  (and  for  the. 
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lower  chords  of  pin-connected  bridges  always  difficult)  to  strictly  conform 
to  this  requirement  as  regards  the  connections  for  lateral  bracing,  yet  I 
think  the  tendency  should  be  to  more  nearly  approach  to  a  realization 
of  this  requirement  for  these  connections  also  than  has  heretofore  been 
generally  customary,  though  this  cannot  be  done  without  additional 
cost. 

The  specifications  exclude  Bessemer  steel.  I  believe  this  clause  was 
not  intended  as  a  reflection  on  this  process  of  steel  manufacture,  but  was 
inserted  merely  to  prevent  the  delays  inevitable  upon  obtaining  struc- 
tural steel  from  works  not  already  familiar  with  its  manufacture.  Since 
the  building  of  the  Niagara  Bridge,  Bessemer  steel  has  been  used  for 
structural  purposes  with  great  success.  After  an  experience  with  sev- 
eral thousand  tons  of  it  in  the  Susquehanna  Bridge,  Baltimore  and 
Ohio  Railroad,  and  a  previous  experience  with  several  makes  of  open- 
hearth  steel,  I  can  say  for  Bessemer  that  it  has  been  exceptional  in  qual- 
ity. Its  ductility  has  been  greater  than  that  of  the  steels  previously  used, 
and  it  has  shown  great  uniformity. 

The  method  of  testing  adopted  for  this  steel  was  the  following: 
From  each  blow  or  cast  a  small  test  ingot  was  made,  which  was  rolled 
into  a  f-inch  round  bar.  Bending  and  tensile  tests  were  made  on  this,' 
and,  if  satisfactory,  the  ingots  constituting  the  blow  were  rolled  into  the 
plates,  bars  or  angles  for  which  they  were  intended.  The  steel  was  not 
finally  accepted  on  the  strength  of  these  tests  of  f  inch  round  specimens. 
After  the  rolling,  specimens  were  cut  from  the  plates,  bars  or  angles 
themselves  and  tested,  one  tensile  and  one  bending  test  being  made  from 
each  furnace  heat.  In  case  of  doubtful  results  a  second  test  was  made. 
If  these  tests  conformed  to  the  requirements  of  the  specifications,  the 
steel  was  accepted  finally.  In  order  that  the  tests  on  the  f -inch  rounds 
be  a  gauge  of  the  tests  on  the  finished  product,  so  that  if  the  former  tests 
are  satisactory  the  latter  will  be,  the  steel  should  be  given  the  same,  or 
nearly  the  same,  amount  of  work  in  reducing  from  the  test  ingot  to  the 
|-inch  round  specimen  as  it  receives  in  reducing  from  the  ingot  to  the 
finished  product.  The  test  ingot  must  be  of  suitable  size  for  the  purpose, 
and  cold  rolling  must  be  avoided.  If  proper  attention  is  paid  to  this,  there 
will  be  few  or  no  rejections  of  finished  material,  provided  the  heating  at 
the  mill  is  carefully  and  skillfully  done.  In  a  well-regulated  mill,  famil- 
iar with  the  working  of  steel,  there  should  be  no  case  of  improper  heat- 
ing, and  there  is  no  reason  why  the  tests  on  the  rolled  material  cannot 
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be  restricted  to  a  few  specimens,  if  not  omitted  altogether,  or  confined 
to  bending  tests  only.  It  is  desirable  that  these  tests  be  limited  to  a 
few,  as  they  are  both  expensive  and  consume  considerable  time.  They 
are  expensive  because  the  material  mnst  be  rolled  with  long  crop  ends  in 
order  to  obtain  the  test  specimens,  thereby  largely  increasing  the  waste; 
and  the  specimens  must  be  cut  out  in  the  planer,  and  many  of  them 
turned  in  the  lathe,  which  is  both  expensive  and  requires  time. 

The  object  of  testing  the  steel  in  the  ingot  is,  of  course,  to  save  the 
loss  and  avoid  the  delays  resulting  from  rejections  of  the  finished  pro- 
duct. The  ingots  thrown  out  as  unsuitable  can  be  used  for  other  pur- 
poses, while  the  rolled  material  rejected  has  only  scrap  value. 

This  manner  of  testing  has  been  found  to  give  the  most  satisfactory 
results.  If  the  steel  manufacturer  makes  a  practice  of  testing  every  cast 
in  a  systematic  and  reliable  manner,  there  is  no  reason  why  the  engineer 
may  not  adopt  these  tests  as  his  own,  and  confine  himself  to  the  testing 
of  a  few  specimens  cut  from  the  crop  ends  of  the  rolled  product,  for  the 
purpose  of  checking  the  heating  and  incidentally  also  the  manufacturer's 
tests. 

For  the  Susquehanna  Bridge,  the  range  allowed  in  ultimate  strength 
was  6  000  pounds  per  square  inch.  Steel  used  in  tension  was  required 
to  have  an  ultimate  strength  of  G9  000  pounds  to  75  000  pounds  per 
square  inch,  and  steel  used  in  compression  an  ultimate  strength  of 
79  000  pounds  to  85  000  pounds  per  square  inch. 

This  range  is  unusually  small,  and,  I  think,  unnecessarily  so. 
Abroad  it  is  customary  to  allow  9  000  pounds.  So  long  as  sufficient 
ductility  is  obtained,  I  can  see  no  good  reason  for  drawing  the  lines  very 
close.  The  percentage  of  rejections  is  thereby  largely  increased,  and 
hence  the  cost;  and  considerable  delay  will  be  experienced  in  obtaining 
the  steel.  The  average  elongations  for  the  Susquehanna  steel  is  24  per 
cent,  in  8  inches  for  tension,  and  22  per  cent,  in  8  inches  for  compres- 
sion  steel;  the  specifications  calling  for  not  less  than  18  per  cent,  and 
not  less  than  15  per  cent,  respectively. 

Mention  has  been  made  that  it  is  undesirable  to  specify  the  chemical 
composition.  I  desire  to  emphasize  this.  The  carbon  percentage  in  the 
compression  steel  (Bessemer)  furnished  for  the  Susquehanna  Bridge  is 
as  much  as  tV  per  cent,  lower  than  steel  of  the  same  physical  character- 
istics heretofore  used,  made  by  the  open-hearth  process;  and  steel  made 
by  the  new  Clapp-Griffith  process,  though  this  is  essentially  Bessemer 
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steel,  shows  marked  peculiai'ities  in  chemical  composition.  The  engi- 
neer can  safely  leave  the  chemical  composition  to  the  manufacturer,  as 
he  does  the  mechanical  contrivances  of  manufacture,  requiring  only  cer- 
tain physical  tests  of  the  material  by  which  to  determine  whether  it  is 
suitable  or  not. 

C.  A.  Marshall,  M.  Am.  Soc.  C.  E. — Mr.  Strobel  has  already  replied 
largely  for  me  to  the  points  made  by  Mr.  Collingwood  and  other  gentle- 
men with  regard  to  the  extra  expense  caused  by  testing  finished 
material.  The  expense  comes  in  largely  by  delay .  If  manufacturers  are 
compelled  to  work  to  the  tests  of  finished  material,  deliveries  will  be 
delayed  a  week  or  two  weeks  longer  than  if  buyers  were  content  with 
the  first  test  which  the  steel-works  usually  makes  for  itself.  The  aim 
has  been  to  seek  for  such  a  test  as  will  give  an  expert  knowledge  enough 
for  him  to  predicate  all  the  rest  about  that  steel.  We  think  we  have  found 
that  test  in  a  three-quarter  round  taken  from  bloom  rolled  out  of  large 
ingot.  Of  course  engineers  need  to  know  the  strength  which  the  three- 
quarter  round  shows  in  relation  to  the  strength  which  the  final  material 
shows.  This  will  all  be  found  out  in  the  course  of  a  year  or  two  at  the  rate 
at  which  engineers  are  working  at  it  now.  All  we  ask  is  that  you  do  not 
compel  us  to  undergo  this  unnecessary  delay  and  this  unnecessary 
amount  of  testing  of  finished  material.  Now  Mr.  Strobel  called  the  test 
on  the  three-quarters  round  a  check  of  the  heating.  I  think  he  is  mis- 
taken. The  first  test  is  the  test  of  the  material;  it  describes  to  one  who 
is  familiar  with  the  subject  the  character  of  the  material.  The  second 
test,  the  test  on  a  part  that  has  been  heated  and  rolled,  is  a  test  of  the 
heating  and  rolling.  Now,  as  we  become  more  expert.  I  feel  perfectly  safe 
in  predicting  that  we  shall  require  fewer  tensile  tests  proportionally,  and 
that  we  shall  not  require  any  tensile  tests  whatever  for  this  purpose.  A 
simple  bending  test  will  check  over-heating  or  bad  rolling.  A  simple 
bending  test  was  all  that  was  required  by  the  Government  in  their 
specifications  for  cruiser  steel,  so  far  as  the  scheme  of  testing  was  made 
to  apply  to  finished  material  apart  from  "  heat  "  or  "  melt  "  tests. 

I  have  not  seen  any  specifications  that  are  based  on  tests  of  finished 
material  exclusively,  except  the  foreign  specifications  already  referred  to 
relating  to  ship-building  steel. 

They  read  something  like  this  "  At  least  one  plate  in  fifty  shall  be 
tested  by  samples  cut  both  lengthwise  and  crosswise,  which  shall  be 
pulled  to  rupture  in  a  testing-machine,"  etc.,  etc. 
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Now  that  is  -wrong,  because  the  particular  plate  tested  may  have 
been  heated  too  hot  in  the  furnace  or  rolled  too  cold  in  the  mill,  and 
either  would  make  the  test  vary  so  much  as  to  throw  that  piece  out 
properly,  but  not  the  -whole  charge. 

Mr.  Sellers  asks  me  to  make  a  statement  with  regard  to  the  mode  of 
testing  which  was  pursued  with  the  East  River  Bridge  steel.  There 
was  some  attention  paid  to  determining  how  uniform  that  material 
was.  As  I  understand  it,  a  test-piece  was  taken  out  of  each  end  of 
each  ingot,  and  one  out  of  the  middle  of  each  ingot.  These  constituted 
the  "heat"  tests;  anything  further  than  this  which  was  pursued  on  the 
East  Eiver  Bridge  was  on  the  basis  of  checking  for  the  heating  and 
rolling. 

C.  L.  Strobel,  M.  Am.  Soc.  C.  E. — I  rise  only  to  say  that  Mr.  Mar- 
shall misunderstood  me  as  saying  that  the  three-quarter  round  test  is 
intended  to  test  the  heat.  The  test  from  round  ingots  tested  the  material. 
The  tests  made  afterwards  were  tests  on  the  furnace  heat  at  the  mill. 
The  three-quarter  round  test  is  not  a  test  on  the  heating. 

Jasees  G.  Dagron,  C.  E. — I  will  be  pleased  to  lay  before  the  Society 
a  short  resume  of  our  experience  in  testing  steel  for  the  Susquehanna 
River  Bridge  on  the  Philadelphia  Branch  of  the  Baltimore  and  Ohio 
Railroad.     The  specifications  for  the  steel  were  as  follows: 

"  Steel  used  in  compression  members  and  in  bolsters,  bearing-plates, 
pins,  and  rollers,  shall  be  open-hearth,  and  shall  not  contain  more  than 
one-tenth  (to)  of  one  per  cent,  of  phosphorus.  A  sample-bar  t-inch  in 
diameter  shall  bend  180  degrees  around  its  own  diameter  without 
showing  crack  or  flaw,  and  when  tested  it  shall  have  an  ultimate 
strength  of  not  less  than  80  000  pounds  per  square  inch,  and  an  elastic 
limit  of  not  less  than  50  000  pounds;  and  shall  elongate  at  least  fifteen 
(15)  per  cent,  in  eight  (8)  inches,  and  show  a  reduction  of  area  of  at  least 
thirty  (30)  per  cent,  at  point  of  fracture. 

••  Steel  used  for  eye-bars  shall  not  contain  more  than  one-tenth  (rV)  of 
one  per  cent,  of  phosphorus.  A  sample-bar  f -inch  diameter  shall  bend 
180  degrees,  and  be  set  back  niton  itself  without  sign  of  crack  or  flaw; 
and,  when  tested,  shall  show  an  ultimate  strength  of  not  less  than 
70  000  pounds  per  square  inch,  and  an  elastic  limit  of  not  less  than 
40  000  pounds;  it  shall  elongate  at  least  eighteen  (18)  per  cent,  in  eight 
(8)  inches,  and  show  a  reduction  of  area  of  at  least  forty  (40)  per  cent, 
at  point  of  fracture." 

By  these  specifications  Bessemer  steel  was  excluded,  but  it  was  after- 
wards decided  to  use  steel  made  by  this  process.  The  steel  was  made 
by  the  Pittsburgh  Bessemer  Steel  Company  at  their  works  at  Home- 
stead, near  Pittsburgh,  and  was  rolled  by  the  Union  Iron  Mills,  Pitts- 
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burgh.  The  amount  of  steel  required  in  the  construction  of  the  bridge 
will  be  approximately  5  000  tons. 

At  first  tests  were  made  on  specimens  f  inch  in  diameter,  and  no  upper 
limits  as  to  ultimate  strength  were  imposed,  but  in  a  short  tirne,finding 
such  considerable  variations  in  the  different  blows  presented  for  test,  it 
was  thought  necessary  to  impose  superior  as  well  as  inferior  limits  of 
ultimate  strength.  Tension  steel  was  accepted  with  an  ultimate  strength 
of  69  000  to  75  000  pounds,  compression  steel  being  accepted  when  its 
ultimate  strength  ranged  from  79  000  to  85  000  pounds,  if  the  other 
conditions  were  complied  with  as  to  elastic  limit,  elongation  and  reduc- 
tion of  area. 

The  method  of  testing  adopted  was  as  follows,  each  blow*  and  each 
heat  f  being  tested : 

(a)  The  blow  test  was  made  on  a  J -inch  round  bar  rolled  from  a 
4-inch  ingot,  two  pieces  being  cut  from  the  bar,  one  to  be  subjected  to 
the  bending  test,  the  other  to  the  machine  test.  If  these  tests  were 
satisfactory,  all  ingots  cast  from  the  blow  were  accepted  and  shipped 
to  the  rolling  mill ;  if  the  tests  proved  unsatisfactory,  all  the  ingots 
were  thrown  out. 

(b)  The  heat  test  was  made  on  specimens  cut  from  the  finished 
material,  one  or  more  specimens  being  prepared  from  the  material  con- 
tained in  each  furnace. 

These  tests  were  made  to  ascertain  whether  the  steel  had  undergone 
any  change  in  the  manipulations  which  occur  in  its  passage  from  the 
ingot  to  the  finished  shape.  One  test  on  the  finished  material,  if  satis- 
factory, accepted  the  heat;  if  unsatisfactory,  a  second  test  was  made, 
which  determined  the  acceptance  or  rejection  of  all  material  rolled 
from  that  heat. 

Chemical  analyses  of  each  blow  as  to  carbon,  phosphorus  and  manganese 

were  furnished  by  the  steel-works.     These  show  a  remarkable  uniformity 

of  chemical  composition  in  the  steel  furnished.     The  following  table 

shows  the  variations  of  the  four  elements: 

(Tension  steel 20  to    .23 

Carbon  ) 

(Compression  steel 26  to    .29 

Manganese 54  to    .99 

Silicon 023  to  .058 

Phosphorus 066  to  .090 

*  By  blow  is  meant  the  number  of  ingots  cast  by  one  "  blowing  off"  of  the  converter, 
t  By  heat  is  meant  the  number  of  blooms  charged  into  the  furnace  at  the  rolling  mill  to 
be  heated  prior  to  rolling  into  finished  material 
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I  do  not  agree  with  Mr.  Marshall  as  to  the  i-inch  round  test  being 
sufficient  to  determine  the  quality  of  the  material.  The  material  put 
into  the  structure  is  not  in  the  shape  of  1-inch  rounds,  but  in  that  of 
plates,  bars,  angles  and  channels  and  therefore,  it  is  in  specimens  cut 
from  these  shapes  that  it  should  be  tested.  The  advantage  of  making  the 
J -inch  round  test  is  that  it  prevents  the  shipping  to  the  rolling  mill  of 
large  quantities  of  steel  which  would  have  to  be  rejected  after  test  in 
the  finished  sections,  thus  avoiding  unnecessary  delays. 

Our  experience  in  the  present  case  confirms  these  views.  At  first 
we  rejected  forty  (40)  per  cent,  of  the  material,  but  after  establishment 
of  the  upper  limits  the  amount  of  rejections  steadily  decreased,  and  at 
present  does  not  exceed  four  (4)  per  cent.,  showing  that  by  a  strict 
enforcement  of  the  specifications,  manufacturers  can  be  brought  to  fur- 
nish any  required  grade  of  material. 

I  tested  to  destruction  last  winter,  at  the  shops  of  the  Keystone 
Bridge  Company,  several  full  size  steel  compression  members,  and 
during  the  progress  of  the  work  have  made  many  tests  of  steel  eye-bars. 
The  results  obtained  and  also  the  data  furnished  by  the  specimen  tests 
I  hope  to  lay  before  the  Society  at  some  future  date. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — Manufacturers  of  steel,  and 
those  who  work  it  into  bridges,  naturally  complain  of  any  restrictions 
which  put  them  to  additional  trouble  and  expense.  But  they  must 
remember  that,  as  engineers,  we  are  responsible  for  the  condition  of  the 
finished  structures.  Unless  these  are  satisfactory,  it  matters  little  how 
the  steel  may  have  tested  in  the  ingot  form.  In  this  form  it  may  be  the 
most  perfect  material  that  human  ingenuity  can  accomplish.  We 
cannot  stop  here,  but  must  insist  on  following  it  into  its  final  condition, 
and  know  its  condition  then.  The  physical  tests  of  the  finished  mate- 
rial must  be  the  criterion  upon  which  we  must  place  the  final  decision. 

The  responsibility  of  delivering  us  this  finished  material  of  a 
satisfactory  quality  must  rest  with  the  manufacturer.  He  must  select 
the  proper  ingot  material,  and  must  determine  the  proper  manipulations 
to  produce  the  final  result  in  the  best  manner.  He  should,  therefore,  be 
entirely  unhampered  by  any  requirements  as  to  the  chemical  or  physical 
processes.  It  will  then  be  his  fault  and  not  ours  if  he  fails.  I  think, 
however,  the  engineers  and  manufacturers  can  mutually  aid  each  other 
by  noting  the  chemical  properties  of  the  steel  and  its  physical  char- 
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acteristics  during  the  several  processes  of  its  manufacture.  When  these 
are  more  fully  understood,  not  only  will  the  manufacturer  be  benefited 
by  a  greater  certainty  in  obtaining  the  required  product,  but  the 
engineer  will  be  able  and  justified  in  relaxing  the  onerous  tests  now 
absolutely  necessary.  The  desired  quality  of  steel  can  then  be  deter- 
mined at  the  ingot  stage,  and  the  effects  of  the  physical  manipulations 
determined  by  simpler  tests  on  the  final  material.  The  relative  amount 
of  such  tests  being  greatly  reduced  as  the  processes  become  more  con- 
stant and  reliable. 

It  is  not  enough,  now,  for  the  manufacturers  to  assure  us  that  they 
can  make  a  constant  product;  we  also  demand  that  they  must  furnish  us 
with  the  evidence  that  it  is  so. 

The  mistake  usual  in  steel  specifications,  in  my  opinion,  is  that  only 
one  kind  of  steel  is  asked  for. 

The  steel  that  is  best  suited  for  a  rivet-girder,  eye-bar  or  column  is 
very  different.  Ingots  that  may  be  too  hard  or  soft  for  one,  may  be  the 
best  for  some  other.  If  the  latitude  covering  these  varieties  was  properly 
defined,  the  steel-maker  would  not  be  compelled  to  suffer  such  a  large 
percentage  of  rejections  as  under  the  usual  specifications.  He  could 
select  his  ingots  according  to  their  grades,  and  use  them  for  the  particu- 
lar material  for  which  they  are  adapted,  from  the  softest  roof  bars  to  the 
harder  compression  forms. 

At  present  the  manufacturers  have  no  just  cause  of  complaint  in 
regard  to  the  expenses  of  testing.  They  desire  to  extend  the  use  of  this 
material  as  a  business  matter,  and  to  make  a  profit  from  its  sale.  They 
are  in  the  same  position  as  other  manufacturers  who  desire  to  obtain  or 
extend  the  market  for  their  products — bound  to  expend  a  portion  of 
their  investment  to  make  known  and  establish  the  quality  and  merits 
of  their  products. 

F.  Collingwood,  M.  Am.  Soc.  C.  E. — One  point  I  would  like  to 
mention  from  the  experience  on  the  East  Eiver  Bridge,  which  was  much 
the  same  as  that  of  the  Baltimore  and  Ohio  road.  We  had  at  first  very 
large  rejections,  but  afterwards  very  little  was  rejected,  which  shows 
that  when  we  demand  the  highest  tests  and  the  best  materials  we  can 
get  them.  In  reference  to  the  point  why  we  should  demand  tests  of 
finished  material,  I  would  like  to  cite  one  instance.  There  was  a  con- 
troversy in  connection  with  some  buckled  steel  plates  for  the  Franklin 
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Square  Bridge,  and  it  "was  a  question  whether  we  should  accept  them. 
On  visiting  the  mill,  by  request  of  the  Inspector,  I  went  out  to  the  place 
where  a  number  of  rejected  plates  were  piled  and  asked  the  foreman  to 
bring  a  man  with  a  sledge.  One  of  the  plates  was  laid  on  the  ground, 
and  struck,  and  it  went  to  pieces  at  the  first  blow.  He  struck 
another  plate  with  all  his  force  6  or  8  blows,  and  it  stood.  Now  it 
would  not  have  done  to  have  accepted  that  material  from  a  simple 
inspection  without  test.  I  suspect  that  a  series  of  plates  had  been 
turned  out  at  once,  and  this  happened  to  be  the  outside  plate,  and  it 
had  cooled  too  quickly.     It  had  hardened,  and  was  unfit  to  use. 

Wm.  Sellers,  M.  Am.  Soc.  C.  E. — There  seems  to  be  some  misap- 
prehension about  the  use  of  steel.  Mr.  Cooper  insists  upon  the  most 
rigid  inspection.  I  suppose  every  manufacturer  who  wants  to  produce 
good  work  desires  the  most  rigid  inspection,  but  testing  is  expensive,  and  is 
excessive  without  adequate  results.  The  present  practice  in  the  Bessemer 
works  is  to  cast  the  heat  into  three  ingots,  and  these  are  rolled  out  into 
what  is  called  the  ingot  bloom.  Now,  when  specimens  cut  from  the 
end  and  the  middle  of  this  bloom  are  tested,  it  is  fair  to  presume  that 
these  would  indicate  the  quality  correctly.  If  these  stand  the  test 
nothing  can  happen  to  injure  the  material  afterward,  except  over-heat- 
ing in  the  final  working.  Now  over-heating  can  be  tested  by  the  bending 
test  as  well  as  any  other  way,  and  if  the  engineer  is  fully  satisfied  that 
the  three  tests  of  the  ingot  fulfill  the  requirements  of  the  specifications, 
he  ought  to  be  satisfied  that  the  bending  test  will  test  the  quality  of  the 
heating  that  preceded  the  rolling,  and  all  other  tests  might  properly  be 
dispensed  with.  The  plate  Mr.  Collingwood  cited  as  being  too  rapidly 
cooled  must  have  been  a  buckle  plate,  and  I  do  not  think  it  was  exposed 
too  rapidly  to  the  air.  The  trouble  was  that  it  had  been  over-heated 
preparatory  to  shaping,  and  had  not  received  sufficient  work  to  bring  it 
back  to  a  good  condition.  If  over-heated,  the  mere  shaping  or  bending 
would  cause  no  reduction,  and  give  the  material  no  work.  In  that  case 
the  quality  of  the  steel  would  be  injured  undoubtedly.  The  chemical 
quality  of  that  plate  was  the  same  as  the  other  plate  that  stood  all  the 
punishing  that  could  be  given. 

F.  Collingwood,  M.  Am.  Soc.  C.  E.— I  think  that  Mr.  Baker  takes 
the  same  view,  that  after  the  testing  of  the  quality,  the  bending  test  is 
sufficient. 
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T.  Cooper,  M.  Am.  Soc.  C.  E. — My  own  faith  in  the  bending  test  for 
our  structural  material  is  very  strong,  but  at  present  we  need  something 
more  for  steel. 

P.  Roberts,  -Jr.,  M.  Am.  Soc.  C.  E. — I  believe  there  is  one  other 
test  that  has  not  been  mentioned  in  connection  with  steel,  and  which,  I 
think,  is  as  important  as  any  other,  and  that  is  the  drop  test,  which,  in 
regard  to  our  structural  material,  is  not  used.  I  think  the  drop  and  the 
bending  tests  will  tell  us  some  points  which  the  laboratory  and  testing- 
machine  will  not.  But  there  is  one  other  thing.  If  we  could  have  a 
standard  test  and  not  every  engineer  have  his  own  hobby — if  we  had  a 
standard  specification  to  work  to— we  could  make  our  steel  conform 
to  that  much  easier  than  to  be  continually  changing  our  material  to 
meet  the  requirements  of  each  new  set  of  specifications  issued. 

T.  Cooper,  M.  Am.  Soc.  C.  E.  — This  is  very  desirable,  but  impossible 
with  our  present  limited  knowledge.  Some  weeks  ago  a  prominent 
steel- worker  said  to  me,  "Why  do  you  not  get  up  a  general  specifica- 
tion for  steel  and  present  it  before  the  American  Society  of  Civil  Engi- 
neers for  discussion?"  I  answered  that  I  did  not  know  enough  yet  to 
make  a  specification.  Finally  I  did  block  out  the  general  form  of  a 
specification  for  the  steel  in  its  finished  shape,  and  sent  a  copy  to  the 
most  prominent  manufacturers  of  structural  steel  with  a  request  for 
suggestions  and  criticisms,  that  it  might  be  put  in  a  desirable  shape  for 
presentation  to  this  Convention. 

Not  a  single  one  of  the  recipients  has  had  even  the  courtesy  to 
acknowledge  its  receipt.  The  only  thing  I  have  heard  has  been 
from  one  of  their  representatives,  who  tells  me  his  company  do  not  know 
themselves  what  to  say  in  reference  to  it. 

Now  this  is  about  the  condition  of  the  best  posted  ones,  still  seeking 
information.  If  the  manufacturers,  with  their  facilities  for  observation 
and  experiment,  are  loath  to  express  an  opinion,  can  they  blame 
engineers  for  being  cautious  and  for  demanding  the  most  rigid  tests  and 
inspection. 

O.  Chantjte,  M.  Am.  Soc.  C.  E. — Before  the  dicussion  on  Mr. 
Schneider's  paper  closes,  I  would  like  to  call  attention  to  one  point  con- 
cerning  the  foundation   of  the   Cantilever   Bridge   at  Niagara.     That 


DISCUSSION"   ON   NIAGARA   CANTILEVER    BRIDGE.  595 

bridge,  as  we  all  understand,  is  founded  upon  a  mass  of  loose  stones 
which  have  tumbled  down  from  the  cliffs,  and  extend,  as  is  believed, 
to  the  bottom  of  the  river,  and  vet  under  that  heavy  structure  everybody 
agrees  that  the  foundation  is  admirable.  I  quite  agree  with  them  my- 
self, but  I  want  to  call  attention  to  the  fact  that  this  is  secured  by  the 
way  in  which  the  foundation  was  started  on  the  mass  of  loose  stone. 
Upon  that  was  spread  one  single  stone  which  was  interlocked  into  every 
nook  and  cranny  of  the  foundation,  and  distributed  the  weight  of  the 
superincumbent  masonry  over  the  entire  mass  of  debris.  That  was  ac- 
complished by  the  use  of  beton.  At  the  Montreal  meeting  you  may  re- 
member that  I  presented  a  paper  showing  what  had  been  done  by  the 
use  of  that  material  on  the  Erie  Railway,  and  I  then  promised  that,  at 
■some  future  time,  I  would  give  some  particulars  concerning  work  then 
in  progress.  This  consisted  of  an  application  of  beton  to  stop  the  wear 
of  a  rocky  river  bed.  The  waterfall  in  the  Genessee  River  was  wearing 
its  way  back,  and  threatening  to  undermine  the  Portage  Bridge.  It  had 
cut  away  some  hundred  feet  of  the  natural  stone.  We  treated  it  to  a 
course  of  beton,  and  I  am  happy  to  say  that  the  wear  has  been  entirely 
stopped.  The  artificial  stone  that  was  made  from  cement  and  sand  has 
proved  very  much  preferable  to  the  natural  stone  that  formed  the  bottom 
of  the  Genesee  River,  and  we  have  no  longer  any  apprehension  of  the 
undermining  of  the  Portage  Bridge.  Since  then  the  same  process  has 
been  applied  to  the  bridge  at  Kansas  City.  This  was  built  of  lime- 
stone and  was  injured  by  the  frost,  so  that  the  stones  composing  the 
bridge  were  badly  shattered.  They  have  been  wrapped  up  in  a  layer  of 
beton,  and  I  have  no  doubt  that  the  structure  is  now  permanently  safe. 

F.  G.  Darlington,  Jun.  Am.  Soc.  C.  E. — Perhaps  it  might  be  of  some 
interest  to  the  Members  to  know  that  the  cost  of  the  plants  of  the  Clapp- 
Griffith  and  the  Bessemer  process  of  the  same  capacity  is  relatively  as 
$50  000  to  $250  000.  With  the  Clapp-Griffith  process  of  the  same 
capacity  as  the  Bessemer  process  the  cost  is  $50  000,  whereas  the 
Bessemer  costs  $250  000;  so  that  if  the  Clapp-Griffith  process  can  be 
made  to  produce  homogeneous  results,  the  cost  to  produce  the  steel 
would  be  less. 

Mr.  Strobel. — I  would  like  to  be  informed  upon  what  this  is  based. 
$50  000  is  the  cost  of  what,  and  $250  000  is  the  cost  of  what  ? 
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Mr.  Daelington. — Of  tlie  Clapp-Griffith  plant  compared  with  the 
plant  of  the  Bessemer  of  the  same  relative  capacity. 

Wm.  H.  Btjkr,  Assoc.  Am.  Soc.  C.  E. — This  admirable  paper  by  Mr. 
Schneider,  and  the  reports  of  the  various  experts  employed  to  scrutinize 
or  test  the  work  at  various  stages  of  progress  and  at  completion,  give  a 
very  comprehensive  view  of  a  very  remarkable  example  of  modern  con- 
structive engineering. 

It  becomes  a  matter  of  great  interest  not  only  to  examine  the  struc- 
ture as  a  whole,  but  also  to  observe  the  detailed  disposition  of  metal  and 
the  behavior  of  the  latter  under  test. 

One  matter  which  forcibly  arrests  the  attention,  is  the  comparatively 
light  load  named  in  the  specifications.  In  view  of  the  rolling  stock  now 
in  use  on  many  of  the  railroads  of  this  country,  a  66-ton  locomotive  is 
certainly  far  from  being  a  heavy  one,  while  a  train  of  2  000  pounds  per 
lineal  foot  is  far  below  that  of  many  daily  passing  over  a  number  of 
American  roads.  In  fact  the  test  trains  of  gravel  cars  exceeded  this 
weight  by  more  than  10  per  cent. 

I  am  aware  that  the  passage  of  the  bridge  by  two  trains  abreast  is  not 
likely  to  be  a  common  occurrence  ;  but,  as  a  matter  of  fact,  over-strains 
by  present  traffic  are  not  obviated. 

The  deflection  records  are  of  unusual  interest  and  value,  and  afford 
many  suggestions.  The  measured  deflections  are  very  considerable, 
and  it  does  not  seem  to  me  that  their  origin  is  completely  stated.  In 
the  first  place,  the  average  weights  of  the  four  test  locomotives  is  more 
than  15  per  cent,  in  excess  of  those  named  in  the  specifications,  for 
which  the  structure  was  designed;  while  the  test  load  of  gravel  exceeded 
the  specification  load  by  11  per  cent.  Again,  the  unit-stresses  in  all 
steel  members  are  certainly  as  high  as  our  present  knowledge  of  that 
material,  containing  0.34  to  0.42  per  cent,  of  carbon,  will  justify.  The 
amount  of  strain,  or  yielding,  within  the  elastic  limit,  of  any  piece  of 
material,  depends  wholly  on  its  co-efficient  of  elasticity,  and  not  on  its 
strength  or  ultimate  resistance;  and  the  experiments  of  Mr.  Christie  and 
others  show  that  all  structural  steel  possesses  a  co-efficient  of  elasticity 
not  essentially  different  from  that  of  wrought-iron.  Now,  as  the  com- 
pression lower  chords  of  the  cantilever  and  the  posts  of  the  towers  are  of 
steel,  and  as  the  permitted  stresses  per  square  inch  are  consequently 
relatively  high,    the   correspondingly  large   compression   strains  must 
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necessarily  induce  more  than  ordinary  deflection,  particularly  when  it  is 
remembered  that  the  test  load  was  considerably  in  excess  of  that  re- 
quired by  the  specifications. 

While  it  is  evident  that  the  character  of  the  structure  gives  more 
flexibility  than  an  ordinary  truss  bridge,  I  believe  that  the  preceding 
considerations  account  for  no  small  part  of  the  observed  deflection. 

It  woidd  have  added  much  to  the  already  great  interest  taken  in  this 
structure  if  some  full-sized  steel  columns  had  been  tested  to  failure.  Al- 
though an  advocate  of  the  use  of  structural  steel,  and  a  firm  believer  in 
its  inherent  superiority  to  wrought-iron  in  bridges  when  properly  used, 
the  writer  believes  that  the  use  of  steel  as  high  in  carbon  as  that  found 
in  this  instance  is  attended  by  difficulties  and  uncertainties  that  are  not 
yet  overcome.  Tests  of  full-sized  steel  columns,  containing  about  the 
same  amount  of  carbon,  have  lately  come  to  his  knowledge,  the  results 
of  which  would  seem  to  justify  working  stresses  little,  if  any,  in  excess 
of  those  applicable  to  wrought-iron  columns. 

Ernest  Pontzen,  Cor.  M.  Am.  Soc.  C.  E. — The  wind  pressure  of  30 
pounds  per  square  foot  equals  nearly  146  kilograms  per  square  meter. 
We  know  that  the  wind  pressure  can  rise  to  about  250  kilograms  per 
square  meter.  But  in  such  cases  trains  will  be  stopped,  and  there- 
fore it  is  quite  sufficient  to  introduce  the  pressure  on  the  train  surface 
with  the  maximum  of  146  pounds  per  square  meter.  But  Mr.  Schneider 
6ays  that  he  calculated  the  wind  pressure  on  both  exposed  surfaces  of 
the  trusses,  and  then,  in  a  further  calculation  he  says  under  the  title, 

Loads,  "upon  the  vertical  surface  of  one  side  of  the  structure "  To 

my  mind  both  surfaces  —I  mean  the  surfaces  of  both  trusses — should  be 
considered  as  exposed  to  the  pressure  of  the  wind.  Perhaps  I  am  mis- 
taken in  concluding  from  the  second  mention  that  he  neglected  the 
second  truss  surface. 

I  would  point  out  also  that  the  lattice- work  above  the  pier,  shown  on 
Plate  LXI. ,  does  not  seem  to  be  effective.  If,  instead  of  the  great  num- 
ber of  thin  lattice  bars,  he  had  made  a  single  or  double  system  of  crosses 
of  stiff  links,  the  purpose  of  counterbracing  the  structure  at  its  greatest 
height  would  have  been  better  attained. 

As  the  Gordon  formula  is  not  used  here,  I  cannot  readily  determine 
what  co-efficient  of  safety  is  used  for  steel  and  for  iron  in  the  various 
parts. 
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Is  there  not  danger  that  the  punching  of  holes  for  the  full  size  in 
steel  plates  will  cause  weakness  ?  Would  it  not  be  safer  to  punch  them  of 
a  smaller  size  than  the  rivets,  and  then  ream  them  until  they  are  one-six- 
teenth inch  larger  in  diameter  than  the  rivets  ?    This  is  only  a  question. 

C.  C.  Schneider,  M.  Am.  Soc.  C.  E. — The  propriety  of  using  steel 
of  80  000  pounds  ultimate  strength  has  been  questioned,  as  well  as  the 
propriety  of  allowing  steel  which  varies  10  000  pounds  per  square  inch 
in  the  elastic  limit  to  be  used  for  the  component  parts  of  the  same 
member,  for  the  reason  that  the  different  parts  could  not  be  depended 
on  to  act  harmoniously  together. 

As  regards  the  harmonious  action  of  the  pieces  composing  one 
member,  I  beg  to  differ  from  Mr.  Christie,  as  it  is  the  modulus  of 
elasticity  and  not  the  elastic  limit  U]3on  which  the  elongations  per  strain 
unit  depend.  As  far  as  I  have  been  able  to  learn  from  experiments,  the 
moduli  of  elasticity  of  steels  differing  10  000  pounds  per  square  inch  in 
the  elastic  limit,  do  not  vary  any  more  than  in  wrought-iron  which  is 
made  of  the  same  stock. 

In  regard  to  the  propriety  of  using  steel  of  80  000  pounds  ultimate 
strength  for  heavy  concession  members,  I  am  of  the  oj:>inion  that  it  is 
proper  to  use  that  kind  of  steel  for  members  of  such  proportions  as 
those  of  the  Niagara  Bridge,  their  lengths  being  only  12j  diameters. 

No  difficulties  were  experienced  in  the  working  of  the  metal,  and 
hence  I  see  no  practical  reasons  for  not  using  that  kind  of  steel  for  such 
compression  members  ;  neither  do  I  think  that  the  working  strains 
allowed  on  steel  in  compression  are  so  very  wrong  in  proportion  to 
those  allowed  on  wrought-iron,  it  being  8  for  iron  and  11  for  steel.  If 
it  is  safe  to  strain  iron  up  to  one-third  of  its  elastic  limit,  I  cannot  see 
why  it  should  not  be  just  as  safe  to  strain  steel  to  only  one-fourth  of  its 
elastic  limit. 

However,  I  agree  with  Mr.  Christie,  that  in  applying  Gordon's 
formula  to  steel,  all  the  numerical  co-efficients  used  for  iron  must  be 
changed  ;  but  I  can  assure  him  that  I  have  not  been  guilty  of  using 
Gordon's  formula  in  its  usual  form,  either  for  steel  or  iron,  since  I  have 
studied  his  valuable  experiments. 

Mr.  Christie's  experiments  prove,  that  for  short  compression  mem- 
bers steel  has  a  decided  advantage  over  wrought-iron;  and  while  in  short 
members,  such  as  are  used  on  the  Niagara  Bridge,  steel  may  develop  its 
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full  compressive  strength,  in  very  long  members,  after  we  reach  a  certain 

limit  of  ■    ,  steel  columns  have  no  greater  strength  than  iron  ones.    This 
r 

is  as  it  should  be,  if  we  consider  that  the  modulus  of  elasticity  of  steel 
(according  to  Mr.  Christie's  experiments)  is  a  little  lower  for  compression 
than  that  of  iron. 

Mr.  Marshall  requests  me  to  state  why  the  rivet  holes  in  the  steel 
compression  members  were  not  reamed,  and  also  asks  if  I  consider  steel 
work  like  that  of  the  Niagara  Bridge  as  good  as  if  the  holes  had  been 
reamed. 

The  holes  in  the  steel  work  were  not  reamed,  because  the  specifica- 
tion did  not  require  reamed  holes.  As  I  am  not  responsible  for  the 
specifications,  I  have  to  refer  that  question  to  those  who  made  the 
specifications.  However,  I  would  state  that  I  prefer  reamed  holes  in 
steel  work. 

Even  if  we  set  aside  the  probable  injury  which  may  be  done  to  the 
material  by  punching,  well-fitting  rivet  holes  are  always  preferable  to 
those  which  do  not  fit  so  well.  A  rivet  cannot  be  made  to  fill  the  hole 
perfectly  and  completely  if  many  thicknesses  of  plates  are  riveted 
together,  unless  the  holes  are  reamed  or  drilled  after  the  parts  are 
assembled.  This  applies  also  in  a  measure  to  wrought-iron  work,  and, 
in  my  opinion,  it  is  of  great  importance  that  holes  for  field-rivets  in  iron- 
work should  be  reamed  when  the  pieces  are  temporarily  put  together,  or 
drilled  after  iron  templets. 

Mr.  Marshall  also  points  out  the  importance  of  comparative  tests 
made  with  full-sized  compression  members,  for  the  purpose  of  testing 
the  merits  of  reaming  holes.  I  am  very  glad  that  suggestion  comes  from 
one  interested  in  the  manufacture  of  steel.  As  engineers  are  generally 
not  allowed  to  spend  the  money  of  their  clients  on  experiments,  I  am  of 
the  opinion  that  it  is  the  duty  of  the  manufacturers  who  desire  to  intro- 
duce their  material  for  structural  purposes  to  give  us  such  tests,  and 
thus  establish  the  properties  of  their  products  for  which  they  are 
anxious  to  find  a  market. 

Mr.  Christie  has  given  us  very  valuable  experiments,  made  on  small 
samples,  and  I  hope  Mr.  Marshall  will  follow  his  example  by  interced- 
ing in  behalf  of  science,  as  well  as  in  the  interest  of  steel,  and  induce 
the  steel  works  with  which  he  is  connected  to  have  a  series  of  experi- 
ments made  on  large-sized  steel  compression  members,  which,  I  am 
sure,  will  receive  the  approbation  of  the  whole  profession. 
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In  making  these  tests  I  would  suggest  that  more  attention  be  paid 
to  the  behavior  of  the  material  below  and  up  to  the  elastic  limit,  than  to 
finding  the  crippling  or  buckling  strain,  which,  according  to  my  opinion, 
is  of  very  little  practical  value. 

I  am  aware  that  the  specifications  which  were  used  for  steel  leave 
much  to  be  desired;  but  as  this  question  has  been  discussed  by  so  many 
able  engineers,  there  is  nothing  left  for  me  to  say,  except  that  I  hope 
engineers  and  steel  manufacturers  will  soon  be  able  to  agree  upon  a 
uniform  specification  and  mode  of  testing  which  will  be  satisfactory  to 
both  parties. 

Perhaps  it  would  be  well  to  leave  it  to  the  manufacturer  to  make  his 
own  sample  tests,  the  engineer  testing  only  the  finished  material.  The 
manufacturer,  guided  by  his  experience,  will  be  able  to  infer  from  the 
sample  tests  the  properties  the  material  will  have  when  rolled  into 
finished  shapes.  In  order  to  test  the  general  quality  of  a  heat,  a  few 
samples  cut  from  the  finished  material  would  be  sufficient,  while  the 
bending  test  should  be  applied  to  every  piece  to  prove  that  the  material 
has  not  been  injured  in  heating  and  rolling,  for  which  purpose  the  crop 
ends  may  be  used. 

A  great  deal  has  been  said  about  the  deflections  of  the  bridge  under 
the  test  load,  and  various  causes  have  been  assigned  for  it.  However,  it 
will  not  be  necessary  to  look  very  far  for  the  causes  of  the  deflections. 
They  are  natural  and  exactly  as  they  should  be,  according  to  the  well- 
known  laws  of  elasticity. 

A  simple  deflection  or  vertical  motion,  like  the  raising  and  lowering 
of  one  end  of  a  fixed  span,  does  not  influence  the  stability  of  the  system 
nor  produce  any  additional  strains,  but  only  changes  the  grade  of  the 
track.  The  deflections,  however,  caused  by  the  elastic  deformation  of 
the  system,  have  an  injurious  influence,  by  producing  secondary  strains 
on  its  members. 

As  the  cantilever  system  used  on  the  Niagara  Bridge  consists  simply 
of  a  series  of  ordinary  trusses,  the  difference  from  other  trusses  being 
only  in  the  way  they  are  supported,  the  same  law  which  applies  to  the 
ordinary  truss  supported  at  both  ends  will  also  apply  to  the  trusses  of 
the  Niagara  Bridge. 

The  strains  in  the  river  arms  of  the  cantilevers  are  influenced  only 
by  the  loads  applied  to  it  directly  or  to  the  intermediate  span,  and  are 
not  affected   by  the  forces  acting  upon   the  shore  arms,  nor  by  the 
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manner  the  river  arms  are  attached  over  the  tower  supports.  The 
strains  in  the  river  arms  of  the  cantilevers,  therefore,  would  be  the  same 
if  the  cantilevers  were  rigidly  fixed  at  these  points.  Hence  it  is  evi- 
dent that  the  deflection  of  the  river  arm  of  a  cantilever,  as  far  as  pro- 
duced  by  the  elastic  deformations  of  its  members,  is  similar  to  a  girder 
fixed  rigidly  at  one  end,  the  other  end  being  unsupported.  Besides  the 
deflection  resulting  from  the  deformations  of  its  own  members,  there 
are  two  other  factors  which  add  to  the  deflection  of  the  river  end  of  the 
cantilever. 


The  loads  applied  to  the  river  arms  and  intermediate  span  will  also 
produce  strains  in  the  shore  arms;  the  upper  chord  of  the  shore  arm 
receives  tensile  and  the  lower  chord  compressive  strains.  Point  B  is 
fixed,  point  D  is  (owing  to  the  rocker  attachment)  free  to  move  in  a 
horizontal  but  not  in  a  vertical  direction.  Hence  for  any  length  of  the 
chord  B  D,  the  position  of  the  point  D  is  fixed,  and  consequently  the 
system  is  stable  against  horizontal  as  well  as  vertical  forces.  If  the 
lower  chord  or  distance  B  D  shortens,  the  point  D  will  move  towards 
the  right.  If  the  upper  chord  stretches,  the  point  H  will  move  towards 
the  right.  The  distance  A,  through  which  the  point  H  moves,  is  the 
elongation  of  the  upper  chord  D  iT  plus  the  contraction  of  the  lower 
chord  D  B.  The  vertical  posts  over  the  towers  will  rotate  around  their 
lower  pins,  which  will  produce  a  deflection  in  the  river  end  of  the 
cantilever.  If  the  post  C  H  rotates  towards  the  right,  the  river  arm  will 
deflect  downward.  If  the  shore  arm  only  is  loaded,  reversing  the  chord 
strains,  the  vertical  post  C  17  will  rotate  towards  the  left,  and,  conse- 
quently, raise  the  end  of  the  river  arm. 

The  vertical  motion  of  point  E  will  be: 


EE1=d=l 


l_ 
h  ' 


This  deflection  occurs,  as  is  shown,  independently  of  the  strains  in 
the  river  arm  of  the  cantilever. 
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The  comjn-ession  of  the  tower  will  also  produce  a  deflection  in  the 
river  end  of  the  cantilever.  If  a  t  denotes  the  reduction  of  length  of  the 
tower  posts,  then  the  deflection  produced  by  it  at  the  end  of  the  river 


arm  will  be  a 


(T) 


Investigation  shows  that  the  total  deflection  at  the  river  ends  of  the 
cantilevers  consists  of  three  items : 

I. — The  deflection  produced  by  the  elastic  deformations  of  the  river 
arms. 

II. — The  deflections  produced  by  the  elastic  deformations  of  the 
shore  arms. 

III. — The  deflection  produced  by  the  compression  of  the  towers. 

It  may  be  interesting  to  compare  the  theoretical  deflections  with 
those  observed  under  the  test  loads.  I  will  therefore  give  my  calcula- 
tions, which  are  based  on  the  same  loads. 

Allow  me  to  make  a  few  preliminary  remarks  in  reference  to  the 
method*  adopted  for  calculating  the  elastic  deformations  of  the  river 
arms  of  the  cantilevers. 


Let  the  truss  represented  in  the  sketch  above  be  fixed  at  A  and  B. 
If  any  member,  for  instance  C  D,  elongates,  a  denoting  the  increment, 
then  that  portion  of  the  truss  which  is  influenced  by  the  elongation  of 
that  member  will  rotate  around  a  point  E,  which  point  will  be  found  by 
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intersecting  the  truss  by  a  line  through  the  member  C  D,  which  line 
must  cut  only  two  other  members  of  the  truss;  the  intersection  of  the 
two  other  members  determines  the  point  of  rotation.  This  point  of  ro- 
tation is  the  same  point  which  is  used  in  Hitter's  method  of  calculating 
strains  by  static  moments. 

The  angle  a  around  which  the  truss  rotates  is  a  = ;  y  denoting  the 

y 

distance  from  the  member  to  the  point  of  rotation,  measured  at  right 
angles  from  the  line  of  that  member. 

The  deflection  of  the  point  F  in  a  vertical  direction  therefore  (as  will 


be  seen  by  the  similarity  of  the  triangles  E F /and  F  O  H)  is  F  G  =  8  = 
x  a,  where  x  denotes  the  horizontal  distance  from  the  point  F  to  the 
point  of  rotation  E. 


By  substituting   -  -  for  a  we  have  the  vertical  deflection  of  the  point 

y 


F 


y 

These  equations  are  general,  and  apply  to  chord  members  as  well  as 
to  web  members. 

The  total  deflection  will  be  the  sum  of  the  deflections  produced  by 
each  member. 

In  the  diagram  on  Plate  LXVIII,  which  represents  the  river  arm  of 
the  cantilever,  are  inscribed  the  unit  strains  per  square  inch  of  sectional 
area  as  produced  by  the  test  load,  and  which  are  denoted  S;  the  length 
of  each  member  in  inches  denoted  by  A;  the  increment  of  elongation 
or  compression,  a,  produced  by  the  unit  strain  S,  assuming  a  modulus  of 
elasticity  of  26  000  000  for  iron  as  well  as  for  steel,  and  the  vertical 
distances  in  inches  from  each  member  to  its  respective  point  of 
rotation. 

The  deflection  of  the  river  arm  due  to  the  elongation  of  the  upper 
chord  will  be 

300  X  0.1292        600  X  0.0623        900  X  0.0634        1200  x  0.0658 
312  +  372  +  432  +   "         492 

.    1500  x  0.0623    ,    1800  x  0.0611       n  QCO  .     . 
+  -     — 552~    -+-    -gj^       =0.863  inch. 

The  deflection  due  to  the  compression  of  the  lower  chord: 

600  x  0.0623        900  x  0.0965         1200  x  0.0988        1500  x  0.0988 
364  423  482  541 
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.    1800  x  0.1012    ,    2100  x  0.1035       ,    .„  .     . 
+  "    -(300 +  -     -660-    "  =!-461  inches. 

Tlie  deflection  clue  to  elongation  of  diagonals: 
1260  X  0.0849       1260  x  0.0999       1260  X  0.1482       1260  x  0.1738 

-908  '  1340  996  + ~       1296 

1260  X  0.1591       1260  x  0.1722       1260  x  0.1724       1260  X  0.1390 
""  1612  '  1940  2274  +  3017 

=  0.958  inch. 

The  deflection  produced  by  the  compression  of  the  vertical  posts: 

1260  x  0.0715       1260  X  0.0764       1260  x  0.0832       1260  X  0.0850 

1860  +  ~~       2160        "  + "        2460        '  +  "        2760 

1260  x  0.0871    .   1260  X  0.181        .  __Q  .     . 

+  -    -3060-     -  +  3360  =0-278  mch 

The  total  deflection  of  the  river  end  of  the  cantilever  due  to  its  own 
elastic  deformation  will  be 

0.863  +  1.461  +  0.958  +  0 . 278  =  3 . 560  inches. 

The  deflection  of  the  river  end  of  the  cantilever  produced-  by  the 
deformation  of  the  shore  arm  is  calculated  as  follows: 

The  average  strain  in  the  upper  chord  of  the  shore  arm  from  the 
test  load  is  5  000  pounds  per  square  inch,  which  makes  an  elonga- 
tion in  220  feet  of  0.423  inch,  assuming  a  modulus  of  elasticity  of 
26  000  000. 

The  lower  chord  receives  an  average  strain  of  8  500  pounds  per  square 
inch,  which  reduces  the  length  of  195  feet  of  the  lower  chord  0 .  637 
inch.  Hence  the  deflection  of  the  river  end  of  the  cantilever  produced 
by  the  elastic  deformation  of  the  shore  arm  will  be 

(  0.423  +  0.637  )  -^-  =  3.312  inches. 

The  deflection  caused  by  the  compression  of  the  tower: 
The   average  strain  on  the  tower  posts  produced  by  the  test  load 
is  5  500  pounds  per  square  inch,  which  will  reduce  their  length  0.33 
inch,  and  hence  will  cause  a  deflectionjat  the  river  end  of  the  cantilever 

0.33(195  +  175)    =0626.nch 
195 

The  total  maximum  deflection  at  the  river  end  of  the  cantilever, 
which  occurs  when  the  bridge  is  loaded  between  the  towers  only,  will 
be  the  sum  of  all  the  deflections,  or 

3.560+  3.312  +  0.626  =  7.498  inches. 
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Had  the  modulus  of  elasticity  been  assumed  as  28  000  000  instead  of 
26  000  000,  the  calculation  would  have  given  us  a  deflection  of 

2fi 

~  X  7 .  498  =  6 .  962  inches. 
28 

These  results,  as  will  be  seen,  come  very  close  to  the  deflections 
measured  under  the  test  load. 

Attention  has  been  called  to  the  fact  that  the  tests  show  that  a  mere 
loading  of  the  bridge  causes  a  motion  of  the  short  anchorage  links,  and 
the  question  is  asked  :  What  would  be  the  effect  of  a  test  such  as  the  one 
applied  to  the  Kentucky  Eiver  Bridge,  viz.,  a  train  entering  the  bridge 
at  hill  speed  and  suddenly  brought  to  a  stop  by  means  of  the  brakes  ? 

The  stability  of  the  bridge  to  resist  horizontal  force  has  also  been 
questioned,  on  account  of  the  omission  of  the  diagonals  in  the  panels  over 
the  towers. 

I  have  already  explained  the  causes  of  the  horizontal  motion  of  the 
anchorage  links,  it  being  the  change  of  length  of  the  lower  chord  of  the 
shore  arm  and  not  any  external  horizontal  force. 


Each  cantilever  may  be  considered  as  consisting  of  two  trusses  (shore 
arm  and  river  arm)  which  are  fixed  to  the  towei*,  and  whose  outer  ends 
are  free  to  move  horizontally;  therefore,  each  cantilever,  as  far  as  its 
stability  to  resist  horizontal  forces  is  concerned,  is  similar  to  two  fixed 
spans,  the  inner  ends  of  which  rest  on  a  tower  to  which  they  are  rigidly 
attached,  while  the  outer  ends  are  supported  on  rollers,  as  shown  in  the 
accompanying  sketch.  In  this  case  the  tower  would  have  to  resist  the 
horizontal  force  produced  by  the  momentum  of  the  train.  The  same 
idea  applies  to  the  cantilevers  of  the  Niagara  Bridge;  the  towers  will 
have  to  resist  the  horizontal  forces,  and  will  consequently  receive  bending 
strains  the  same  as  the  towers  of  the  Kentucky  River  Bridge,  for  which 
ample  provision  has  been  made. 
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In  reply  to  Mr.  Fred.  H.  Smith's  question  regarding  the  twisting  of 
the  cantilever  trusses  under  one-sided  loading,  I  would  say,  that  beyond 
measuring  the  deflections,  no  investigations  were  made  at  the  time  of 
testing.  This  twisting,  however,  can  no  more  be  prevented  than  the  de- 
flection. It  may  be  reduced  by  increasing  the  depth  of  the  cantilevers,  or 
by  reducing  the  length  of  the  river  arms  and  thus  increasing  the  length 
of  the  intermediate  span,  which  would  have  been  of  advantage  in  this 
case,  and  which  has  also  been  suggested  by  several  other  engineers  in 
this  discussion. 

Mr.  Fox  is  evidently  laboring  under  a  misapprehension  in  supposing 
that  I  was  the  manufacturer  of  the  Niagara  Bridge  and  not  the  engineer. 
Bridge  engineers  in  this  country  not  only  make  their  own  designs,  as  is 
done  in  England,  but  here  they  also  furnish  the  details  and  working 
drawings  for  the  same. 

In  reply  to  Mr.  Pontzen's  question,  I  would  say  that  the  wind  press- 
ure was  calculated  for  the  exposed  surface  of  both  trusses.  The  second 
mention  of  the  wind  strains  to  which  Mr.  Pontzen  calls  attention,  occurs 
in  the  specifications,  which  were  appended  to  my  paper.  For  these 
specifications,  which  were  not  made  by  the  bridge  engineers,  I  disclaim 
all  responsibility.  I  would  also  inform  Mr,  Pontzen  that  the  lattice- 
work above  the  piers  does  not  consist  of  thin  lattice  bars,  but  of  4"  x  5" 
xi"  angles,  which  are  clearly  shown  as  such  on  the  drawing. 

In  conclusion,  I  would  say  that  I  have  been  much  gratified  by  the 
lively  interest  which  has  been  taken  in  my  paper  by  engineers  on  both 
sides  of  the  Atlantic,  and  more  particularly  by  the  Members  of  this 
Society.  I  take  this  opportunity  to  express  my  thanks  to  those  who 
have  taken  part  in  this  discussion  for  their  friendly  criticisms  and  valu- 
able suggestions. 
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Geaff.  Mendes  Cohen  elected 
Chairman  of  Convention ;  Address 
by  Chairman,  83;  John  Bogaet 
chosen  Secretary,  O.  E.  Michaelis, 
Assistant  Secretary;  "English 
and  American  Railroads  Com- 
pared," by  Edwaed  Bates  Dobsey, 
read  and  discussed;  "The  Cause 
and  Prevention  of  Decay  in  Build- 
ing Stones,"  by  Thomas  Egleston, 
read  and  discussed,  84. — Second 
Session,  June  24;  Mendes  Cohen 
in  the  Chair.  Report  of  Commit- 
tee on  Preservation  of  Timber, 
O.  Chanute,  Chairman,  presented, 
read  and  discussed,  84. — Third 
Session,  June  24,  Mendes  Cohen 
in  the  Chair.  Annual  Address 
delivered  by  President  Feedeeic 
Geaff;  Stereopticon  Views  illus- 
trating discussions,  exhibited, 
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Lakes  and  the  Hudson  River, "  by 
E.  Sweet,  discussed, 86. — Seventh 
Session,  June  26;  Mendes  Cohen 
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Special  Trains  to  and  from  Deer 
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ings during  Convention  see  Min- 
utes of  Meetings  of  the  Society.) 
Minutes  of  Meetings  of  the  Board  of 
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Report  of  Committee  as  to  Inter- 
national Inventions  Exhibition 
in  London  adopted,  32. 

—January  23,  1885,  Standing  Com- 
mittees appointed,  32. 

—February  11,  1885,  Applications 
considered;    Action  taken   as   to 
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Reports  from  Committee  on  Uni- 
form System  for  Tests  of  Cement; 
Financial  business  transacted. 

-February  25,  1885,  Applications 
considered;  Action  taken  as  to 
Arrears  of  Dues;  as  to  Committee 
on  Compression  of  Cement 
and  Masonry;  as  to  Committee 
on  Proposed  Reform  in  the  Patent 
Office. 

-March  11,  1885,  Applications  con- 
sidered; Committee  on  Proposed 
Reform  in  the  Patent  Office  re- 
ported, recommending  no  So- 
ciety Action;  Report  adopted; 
Action  taken  as  to  Report  from 
Committee  on  Uniform  System 
for  Tests  of  Cement,  59;  Resident 
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sidered; Action  taken  as  to  Ar- 
rears of  Dues;  as  to  next  Conven- 
tion, 66. 
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sidered; Location  and  date  of 
Convention  determined  at  Deer 
Park,  Md.,  June  24,  1885,  82. 

-May  20,  1885,  Action  taken  as  to 
Report  of  Committee  on  Uniform 
System  for  Tests  of  Cement;  as 
to  Printing  Communication  on 
Permanent  Basis  for  a  National 
Engineering  Society,  82. 
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sidered; Arrangements  for  Con- 
vention made;  Summer  Meeting 
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-July  30,  1885,  Applications  con- 
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108. 
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considered;  Action  taken  as  to 
Report  of  Committee  on  Uniform 
System  for  Tests  of  Cement,  108. 

-September  30,  1885,  Applications 
considered;  Appointment  made 
of  Censors  to  award  Norman 
Medal  and  of  Committee  to  award 
Rowland  Prize;  Action  taken  on 
communication  from  Committee 
of  Civil  Engineers'  Club  of  Cleve- 
land, 108. 

-October  7,  1885,  Financial  business 
transacted,  108. 
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—October  28,  1885,  Applications  con- 
sidered ;    Action   taken   as  to  Ar- 
rears of  Dues,  121. 
—November    4,    1885,     Applications 
considered;    Action   taken    as  to 
Arrears  of  Dues,  121. 
— November    12,  1885,     Applications 
considered;   Action   taken  as   to 
Arrears  of  Dues,  142. 
— November    25,    1885,   Applications 
considered  ;     Form    of    Circular 
adopted    as  to    Junior  Member- 
ship, 142. 
— December    2,    1885,     Applications 

considered,  142. 
—December    22,    1885,    Applications 

considered,  142. 
— December  30,  1885,  Applications 
considered;  Action  taken  as  to 
Arrears  of  Dues,  142. 
Minutes  of  Meetings  of  the  Society, 
1,  2,  55,  57,  65,  81,  91,  99,  105, 
121,  141. 
— January  7,  1885,  Ballots  Canvassed; 
Vote  on  Amendment  to  By-Laws, 
providing  for  Issue  of  General 
Preliminary  Notice  of  Applica- 
tions for  Membership,  Canvass- 
ed and  amendment  adopted,  1; 
"  The  Beal  Value  of  Lubricants," 
by  R.  H.  Thubston,  read;  "The 
Harbor  Works  of  Copenhagen," 
by  H.  C.  V.  Mollee,  read,  2. 
—January  21, 1885,  The  Annual  Meet- 
ing, 2;  Annual  Reports  of  Board 
of  Direction,  of  Treasurer,  of 
Finance  Committee,  read;  Award 
of  Norman  Medal,  2;  Award  of 
Rowland  Prize;  Proposed  Amend- 
ment to  Constitution  as  to  Com- 
pounding for  Annual  Dues,  dis- 
cussed, 3;  Amended  and  recom- 
mended for  adoption;  Officers  of 
Society  elected,  5 ;  Address  of 
President-elect  Frederic  Graef, 
6;  Death  announced  of  John  B. 
Jervis,  Hon.  M.Am.  Soc.C.  E.,  7; 
General  suggestions  in  reference 
to  Conventions  presented,  9; 
Place  for  next  Convention  con- 
sidered, 11;  Invitation  to  hold 
Convention  in  London,  12;  Re- 
port of  Committee  on  Uniform 
Standard  Time,  13;  Committee 
appointed  to  attend  Railway 
Time  Convention,  18;  Reports 
from  Committee  on  Uniform  Sys- 
tem    for    Tests*   of   Cement,   20; 
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Committee  to  consider  Com- 
pressive Strength  of  Cement  and 
Compression  of  Cement  and  Set- 
tlement of  Masonry,  authorized; 
Subject  of  action  of  Society  as 
to  Proposed  Reform  in  Patent 
Office  referred  to  Board  of  Di- 
rection; Appointment  of  Commit- 
tee, authorized  to  confer  as  to 
Plan  for  Library  for  Joint  Use  of 
Kindred  Societies,  21;  Visits  on 
January  22d  to  various  points  of 
interests,  27;  Reception;  Com- 
munication from  Squire  Whip- 
ple, Hon.  M.  Am.  Soc.  C.  E.,  28; 
Address  by  Horatio  Allen,  Hon. 
M.Am.  Soc.C.  E.,  29;  Members 
in  attendance,  31. 

-February  4,  1885,  Death  of  The- 
ophilus  E.  Sickles  announced; 
"Radical  Enlargement  of  the 
Artificial  Waterway  between  the 
Lakes  and  the  Hudson  River " 
discussed,  55. 

-February  18,  1885,  "Radical  En- 
largement of  the  Artificial  Water- 
way between  the  Lakes  and  the 
Hudson  River"  discussed,  55. 

-March  4,  1885,  Vote  on  Amendment 
to  the  Constitution  as  to  Com- 
pounding for  Annual  Dues  can- 
vassed, and  amendment  adopted, 
57;  Death  of  F.  W.  Merz  an- 
nounced; Committee  appointed 
to  confer  as  to  Proposed  Joint 
Library;  Letter  presented  as  to 
visit  to  London,  58;  "The  Cant- 
ilever Bridge  at  Niagara  Falls," 
by  C.  C.  Schneider,  read,  59. 

-March  18,  1885,  "Roofing  Slate," 
by  D.  J.  Whittemore,  read;  Dis- 
cussion on  Railway  Efficiency, 
by  William  P.  Shinn,  read,  59. 

-April  1,  1885,  Ballots  canvassed; 
Committee  appointed  to  present 
subject  of  Time  Reform  to  Rail- 
way Time  Convention;  "The 
South  Pass  Jetties"  discussed, 
65. 

-April  15,  1S85,  "The  South  Pass 
Jetties"  discussed;  Death  of 
Henry  M.  Wightman  announced, 
65. 

-May  6,  1885,  Ballots  canvassed; 
Model  of  Basin  of  Gulf  of  Mexi- 
co presented;  "Record  of  Tests 
of  Cement  made  for  Boston  Main 
Drainage  Works,  1878-1884,"  by 
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Eliot  C.  Clarke,  presented; 
"The  South  Pass  Jetties"  dis- 
cussed, 81. 
May  20,  1885,  "The  Cantilever 
Bridge  at  Niagara  Falls"  dis- 
cussed; "  Formulas  for  Weights  of 
Iron  and  Steel  Railway  Bridges  " 
discussed,  82. 

-June  3,  1885,  Ballots  canvassed; 
Death  of  M.  T.  Seymour  an- 
nounced; "  Record  of  Tests  of 
Cement  made  for  Boston  Main 
Drainage  Works  1878-1884,"  by 
Eliot  C.  Claeke,  read  and  dis- 
cussed, 91. 

-June  17,  1885,  "The  Problem  of 
the  Submerged  Weir,"  by  Clem- 
ens Heeschel,  presented,  Prog- 
ress of  Work  on  the  Panama  Ca- 
nal described,  by  S.  B.  Steven- 
son. 

-June  25, 1885, Business  Meeting  dur- 
ing the  Convention ;  Report  of  the 
Committee  on  the  Preservation  of 
Timber,  0.  Chanute,  Chairman, 
presented,  accepted  and  the  Com- 
mittee discharged,  91;  Reports  of 
Majority  and  of  Minority  of  Com- 
mittee on  a  Uniform  System  for 
Tests  of  Cement,  Q.  A.  Gilmoee, 
Chairman,  presented  (for  further 
action  on  these  Reports,  see  Min- 
utes of  Meeting  of  June  26);  Re- 
port of  Committee  to  present 
subject  of  Time  Reform  to  Rail- 
M-ay  Time  Conventions  presented, 
and  Committee  continued:  Invi- 
tation to  hold  Convention  in 
London  presented,  92;  Resolu- 
tion offered  authorizing  appoint- 
ment of  Committee  to  Consider 
the  Proper  Relation  to  Each 
Other  of  the  Sections  of  Railway 
Wheels  and  Rails,  the  Resolution 
to  go  to  letter-ballot.,  93;  Resolu- 
tion offered  authorizing  appoint- 
ment of  Committee  to  Consider 
Changes  in  the  Organization  of 
the  Societv,  94;  discussed  and 
adopted,  95,  98. 

-June  2G,  1885,  Second  Business  Ses- 
sion during  the  Convention ;  Re- 
ports of  Majority  and  Minority 
of  Committee  on  Uniform  Sys- 
tem for  Tests  of  Cement  referred 
back  to  Committee,  with  request 
from  the  Convention  that  re- 
port   be     modified;    Resolution 
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adopted  directing  a  Memorial  to 
Congress  as  to  Appropriation  for 
Tests  on  Structural  Steel,  and  as 
to  use  of  a  Small  Machine  for  cer- 
tain Tests,  98. 

-July  1,  1885,  Ballots  canvassed. 

-September  2,  1885,  Ballots  can- 
vassed ;  Death  announced  of 
Emile  Malezieux  and  of  Henry 
H.  Gorringe;  "  European  Sew- 
age and  Garbage  Removal,"  by 
W.  Howard  White,  read  and  dis- 
cussed, 105. 

-September  16,  1885,  "English  and 
American  Railroads  Compared," 
by  Edward  Bates  Dorsey,  dis- 
cussed, 105. 

-October  7,  1885,  Ballots  canvassed, 
105;  Vote  canvassed  on  Resolu- 
tion to  appoint  Committee  on  the 
Proper  Relation  to  Each  Other 
of  Railway  Wheels  and  Rails; 
Resolution  adopted;  Death  an- 
nounced of  Wilmon  W.  C.  Sites 
and  of  Thomas  C.  Durant;  Ap- 
pointment announced  of  Censors 
to  award  the  Norman  Medal  and 
of  Committee  to  award  the  Row- 
land Prize  ;  Appointment  an- 
nounced of  Committee  to  Con- 
sider Changes  in  Organization, 
106;  Suggestion  from  and  reply 
to  a  Committee  of  Engineers' 
Club  of  Cleveland,  on  subject  of 
Civil  Engineers  on  Government 
Works,  107;  "  English  and  Ameri- 
can Railroads,"  discussed,  108. 

-October  21,  1885,  "  Abt's  System  of 
Railways  for  Steep  Inclines,"  by 
Walton  W .  Evans,  read  and  dis- 
cussed, 121. 

-November  4,  1885,  Ballots  can- 
vassed; Amendment  proposed  to 
By-Laws,  Section  24,  Clause  5, 
substituting  "December"  for 
"November  :"  The  Board  of  Di- 
rection requested  to  issue  a  Cir- 
cular as  to  Junior  Membership  ; 
"The  Behavior  of  Cement-Mor- 
tars under  various  Contingencies 
of  Use,"  by  F.  Collingwimw, 
read  and  discussed,  121. 

-November  18,  1885,  Discussions 
presented  on  "  Wind  Strains  in 
Bridges;"  "Weight  of  Iron  and 
Steel  Railway  Bridges;"  "Ship 
Canals  and  ship  Railways,"  141. 
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—  December  2,  1885,  Ballots  can- 
vassed; Appointment  announced 
of  Committee  on  Compression  of 
Cement  and  Settlement  of  Ma- 
sonry; "Wind  Strains  in  Bridges;" 
"The  Weight  of  Bridges;"  "Ca- 
nals and  Kailways,  Ship  Ca- 
nals and  Ship  Kailways,"  dis- 
cussed, 141. 

—December  16,  1885.— "  Street  Traf- 
fic," by  F.  V.  Greene,  read  and 
discussed,  142. 

Mollee,  H.  C.  V.— Paper  by,  2. 

Moore,  Robert. — Censor  to  award 
Norman  Medal,  106,  108. 

Morison,  George  S. — On  Committee 
to  award  Rowland  Prize,  3;  On 
Committee,  58. 

Mossman,  Alonzo  Tyler. — Admitted 
as  Member,  99,  100. 

Newton,  Isaac. — Mernoir  of,  128. 

Norman  Medal  Award,  2,  41;  Fund, 
48;  Rules  for  Award  of,  79;  Cen- 
sors to  Award,  2,  106,  108, 

North,  Edward  P.— On  Committee  to 
Award  Rowland  Prize,  106,  108. 

Notes,  Albert  Franklin. — Admitted 
as  Member,  100. 

Ockerson,  J.  A. — Paper  by,  86;  Dis- 
cussion by,  87. 

Officers  elected,  5. 

Orbison,  Thomas  Watson. — Admitted 
as  Member,  52. 

Paine,  Charles. — On  Committee,  107. 
Paine,      William     H.—  Presides      at 

Meetings,  1,  2;  Report  by,  49. 
Paret,    Milnor  Peck. — Admitted    as 

Member,  105,  118. 
Patent   Office,  Proposed   Reform   in, 

21,  56,  59. 
Pegram,    George    H. — Paper  by,  82, 

87. 
Phinney,  Henry   W.  B.— Admitted  as 

Member,  1,  52. 
Pou,  Arthur. — Admitted  as  Member, 

141,  151. 
Power    Brakes   for   Freight    Engines 

and  Cars,  by  William  P.  Shinn, 

87. 
Preservation  of  Forests,   by  F.   Col- 

lingwood,  85. 
Preservation  of   Timber,  40,   84,   85, 

91. 
Publications  and  Papers  received  at 

Library,  49. 


RAASLOFF. 

Raaslofe,  Harold  Edward  de. — Ad- 
mitted as  Junior,  101. 

Railroad  Organization,  by  Charles 
Latimer,  86. 

Railroads,  English  and  American 
Compared,  by  Edward  B.  Dorsey, 
84,  105,  108. 

Railway  Efficiency,  by  William  P. 
Shinn,  59. 

Railways  for  Steep  Inclines,  Abt's  Sys- 
tem, by  Walton  W.  Evans,  121. 

Railway  Wheels  and  Rails  ;  Relation 
of  the  Sections  to  each  other,  93, 
106,  108. 

Report  of  Board  of  Direction,  2,  33. 

— Of  Board  to  award  Norman  Medal, 
2. 

— Of  Committee  to  award  Rowland 
Prize,  3. 

— Of  Finance  Committee,  2,  49. 

—Of  Treasurer,  2,  46. 

Reports  of  Committees  (see  Com- 
mittee). 

Resident  Membership  defined,  60. 

Richardson,  Benjamin  FranklIn. — 
Admitted  as  Member,  99,  100. 

Richardson,  Thomas  Franklin. — Ad- 
mitted as  Member,  121,  151. 

Roberts,  Podlter  Benjamin. — Admit- 
ted as  Member,  100. 

Robinson,  S.  W. — Paper  by,  87. 

Roofing  Slate,  by  D.  J.  Whittemore, 
59. 

Rowe,  Samuel  McMath.— Admitted 
as  Member,  105,  118. 

Rowland  Prize  award,  3,  41;  Com- 
mittee to  award,  3,  106,  108; 
Fund,  41,  48;  Rules  for  award 
of,  78. 

Sanford,  David  Coley.  —  Admitted 
as  Junior,  81,  139. 

Schneider,  Charles  C. — Paper  by,  59, 
82,  85. 

Sellers,  William. — Presides  at  Meet- 
ing, 87. 

Sewage.  —  European  Sewage  and 
Garbage  Removal,  by  W.  How- 
ard White,  105. 

Seymour,  M.  T. — Death  announced, 
91,  102. 

Shedd,  J.  Herbert.— On  Nominating 
Committee,  86. 

Shinn,  William  P.— On  Committee; 
4,  58;  Remarks  on  death  of  John 
B.  Jervis,  7;  Discussion  by,  59; 
Presides  at  Meeting,  85;  Paper 
by,  87. 
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SICKELS. 

Sickels,  Theophilus  E.— Death  an- 
nounced, 54;  Memoir  of,  130. 

Sites,  Wzlmoh  W.  C. — Death  an- 
nounced, 106,  120. 

Smith,  Charles  Augustus. — Memoir 
of,   122. 

Smith,  Charles  Yanderyoort. — Me- 
moir of,  126. 

Smith,  Hamilton,  Jr.— Bowland  Prize 
awarded  to,  3;  Donation  by,  56. 

Smith.  Maxwell. — Admitted  as  Ju- 
nior, 105,  118. 

Sndw,  Jonathan  Parker. — Admitted 
as  Member,  91,  100. 

South  Pass  Jetties,  by  E.  L.  Cob- 
thell,  65,  81. 

Specifications  for  Strength  of  Iron 
Bridges,  by  Joseph  M.  Wilson, 
85. 

Spencer,  Samuel.— Admitted  as  Mem- 
ber, 105. 

s i  \  \  is,  Hobert  Parker.— Transferred 
to  Member,  99. 

Steam  Transportation,  Department  of, 
85,  87. 

Stone,  The  Cause  and  Prevention  of 
Decay  in  Building  Stones,  by 
Thomas  Egleston,  84. 

Street  Traffic,  by  Francis  V.  Greene, 
142. 

Swain,  George  F. — On  Committee, 
142. 

Sweet,  E. — Paper  by,  55,  86. 

Temple,    Bobert  Henry. — Admitted 

as  Member,  81,  1U0. 
Tests  of  Structural  Materials,  98. 
Thayer,   Denning  Jaryes. — Admitted 

as  Member,  91. 
Thurston,  Bobert  H. — Paper  by,  2. 
Timber,    Preservation  of,  40,  84,  85, 

91. 
Time,  Uniform  Standard,  13,  18,  39, 

65,  92. 
Topographical     Maps,    Conventional 

Signs  on,  by   J.  A.  Ockekson,  86. 
Towne,   Henry   B. — On    Committee, 

58. 
Treasurer,  Beport  of,  2,  46. 


Van    Winkle,    Edgar  B. — Censor    to 
award  Norman  Medal,  2. 


V  A  UGH  AN. 

\ M  (.Han,  Frederick  W.— Elected  Di- 
rector, 5. 

Vibration  of  Bridges,  by  S.  W.  Bobin- 
son,  87. 

Voorhes,  Theodore. — Admitted  as 
Member,  81,  100. 

Waite,  C.  C— On  Committee,  65,  92. 

Walton,  Louis  Eoberts. — Admitted 
as  Member,  65,  80  ;  Death  an- 
nounced, 153. 

Ward,  Lebbeus  B.— Censor  to  award 
Norman  Medal,  2. 

Water,  Aeration  of,  by  Charles  B. 
Brush,  86. 

Watkins,  Charles  D. — Besignation 
of,  153. 

Weights  of  Iron  and  Steel  Bailway 
Bridges,  by  George  H.  Pegram, 
82. 

Weir.  The  Problem  of  the  Submerged 
Weir,  by  Clemens  Herschel,  86, 
91. 

Wellington,  A.  M. — On  Committee, 
4,  107;  The  Permanent  Basis  for 
a  National  Engineering  Society, 
by,  82. 

Wells,  Daniel L. — Death  announced, 
132. 

Whipple,  Squire. —  Communication 
from,  28. 

White,  W.  Howard. — Paper  by,  105, 
142;  Censor  to  award  Norman 
Medal,  106,  108. 

Whttlock,  Frank  Wallace. — Trans- 
ferred to  Member,  65,  80. 

Whitman,  Thomas  J.— Elected  Vice- 
President,  5  ;  On  Library  Com- 
mittee, 32. 

Whittemore,  D.  J. — Paper  by,  59. — 
On  Nominating  Committee,  86; 
On  Committee,  142. 

Wightman,  Henry  M. — Death  an- 
nounced, 65,  80. 

Wilson,  Joseph  M.—  Paper  by,  85. 

Worthen,  William  E. — Presides  at 
Meeting,  105. 

Yardley,   Edmund. — Besignation    of, 

153. 
Yorke,  Edward. — Memoir  of,  124. 


Zabriskie,  Aaron    J. 
Junior,  99,  101. 


Admitted    as 
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Vol.   XI.— January,    1885. 


MINUTES    OF    MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

January  7th,  1885.— The  Society  met  at  8  p.  m.,  Vice-President 
William  H.  Paine  in  the  chair;  John  Bogart,  Secretary.  Ballots  for 
membership  j  \*  ere  canvassed,  and  the  following  named  candidates 
declared  elected:  As  Members:  Peter  Sather  Archibald,  Moncton,  New 
Brunswick;  Charles  Sumner  Henning,  Peach  Springs,  Arizona;  Charles 
Maples  Jarvis,  East  Berlin,  Conn.;  Henry  W.  B.  Phinney,  New  York. 
As  Juniors:  William  Ferris  Booth,  Poughkeepsie,  N.  Y. ;  Edward  Flad, 
St.  Louis,  Mo. ;  Sinclair  Joseph  Johnson,  New  York. 

The  vote  on  the  following  proposed  amendment  to  the  By-Laws  was 
canvassed : 

[The  Amendment  is  in  italics.] 

Section  19. — A  nomination  or  proposal  shall  be  presented  at  the  next 
regular  meeting  of  the  Board  of  Direction  following  its  receipt;  the 
Board  of  Direction  shall  thereupon  send  to  all  members  of  the  Society  a 
notice  that  such  person  is  a  candidate  for  election.  Not  less  than  thirty  days 
thereafter  the  Board  shall  consider  the  application,  and  if  approved  and 
the  applicant  (if  for  admission  as  Member,  Associate  or  Junior)  classed 
with  his  consent,  a  day  shall  be  fixed  for  the  ballot  to  be  canvassed, 
which  shall  be  at  a  regular  meeting  of  the  Society,  not  less  than  twenty- 
five  days  thereafter. 

The  vote  was  yeas,  177;  nays,  7.  This  amendment  to  the  By-Laws, 
having  been  proposed  in  writing  and  seconded  at  a  regular  meeting, 
then  submitted  to  vote  of  the  members  by  letter  ballot,  and  having 
received  two-thirds  of  all  the  votes  cast,  was  declared  adopted. 


2  JANUARY   PROCEEDINGS. 

The  Secretary  reported  the  presentation  to  the  Society  by  Mr.  James 

B.  Francis,  Past- President  Am.  Soc.  C.  E.,  of  66  bound  volumes  of 
the  Annales  des  Ponts  et  Chaussees,  being  complete  from  the  year  1831 
to  1862,  inclusive.     A  paper  by  Professor  R.  H.  Thurston,  M.  Am.  Soc. 

C.  E.  on  "The  Real  Value  of  Lubricants,  and  the  Correct  Method  of 
Comparing  Prices,"  was  read. 

Mr.  M.  Eisller,  C.  E.,  exhibited  specimens  of  rock  from  the  Isthmus 
of  Panama,  and  gave  some  descriptions  of  the  geology  and  topography 
of  the  Isthmus. 

Mr.  H.  C.  V.  Moller,  C.  E.,  Assistant  City  Engineer  of  Copenhagen, 
Denmark,  exhibited  maps  of  the  harbor  of  Copenhagen,  and  described 
the  Harbor  Works. 

The  Annual  Meeting,  January  21,  1885. 

The  meeting  was  called  to  order  at  10  o'clock  by  Mr.  John  Bogart, 
Secretary  of  the  Society,  who  read  a  telegram  from  Mr.  D.  J.  Whitte- 
more,  President  of  the  Society,  as  follows:  "Sickness  forces  my  ab- 
sence. Remember  me  in  kindness  to  all  present. "  The  chair  was  then 
taken  by  Vice-President  William  H.  Paine. 

Messrs.  George  H.  Bishop,  Charles  E.  Goad  and  David  E.  McComb, 
members  of  the  Society,  were  appointed  tellers  to  canvass  the  ballot  for 
officers. 

The  annual  report  of  the  Board  of  Direction*  was  then  read  by  the 
Secretary,  and,  on  motion,  accepted. 

The  annual  report  of  the  Treasurer*  was  then  read  by  Mr.  J.  J.  R. 
Croes,  Treasurer  of  the  Society,  and,  on  motion,  accepted. 

The  report  of  the  Finance  Committee*  was  read  and  accepted. 

The  report  of  the  Board  of  Censors  to  award  the  Norman  Medal,  was 
read  and  accepted.     It  is  as  follows  : 

American  Society  or  Civil  Engineers,  ) 

127  East  Twenty-third  Street,        > 

New  York,  January  20,  1885.      ) 

To  the  American  Society  of  Civil  Engineers : 

Gentlemen  :  The  undersigned  having  carefully  examined  the  original 
papers  presented  to  the  Society  during  the  year  ending  August,  1884, 
select  paper  No.  CCLXXIX,  by  James  Christie,  M.  Am.  Soc.  C.  E., 
entitled:  "Experiments  on  the  Strength  of  Wrought-Iron  Struts," 
as  worthy  of  special  commendation  for  its  merits  as  a  contribution  to 
engineering  science,  and  hereby  award  to  it  the  Norman  Medal  on  the 
grounds  prescribed  in  the  rules  governing  such  award. 

Lebbeus  B.  Ward, 
Edgar  B.  Van  Winkle, 
Amory  Coffin, 
Censors  to  Award  the  Norman  Medal. 

*Printed  separately. 
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The  report  of  the  committee  appointed  to  award  the  Rowland  Prize, 
was  presented,  and  accepted.     It  is  as  follows  : 

American   Society  of  Crvrii  Engineers, 
127  East  Twenty-third  Street, 

New  York,  January  15th,  1885. 

Jo  the  American  Society  of  Civil  Engineers  : 

Gentlemen  :  The  committee  appointed  to  award  the  Rowland  Prize, 
for  the  year  terminating  on  the  first  day  of  August,  1884,  reports  that, 
in  its  judgment,  the  prize  should  be  awarded  to  Paper  No.  CCLXXIV., 
"  Water  Power  with  High  Pressures,  and  Wrought-Iron  Water  Pipe," 
by  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E. 

Respectfully  submitted, 

Geo.  S.  Morison, 
D.  Farrand  Henry, 
John  Bogart, 

Committee. 

The  following  proposed  amendment  to  the  Constitution,  which  had 
been  regularly  submitted  and  sent  by  letter  to  the  Members  of  the 
Society,  was  then  read  and  discussed  : 

Proposed  Amendment  to  Article  XXII. 

Add  at  end  of  Article  as  follows  : 

Any  member  of  the  Society,  not  in  arrears  for  dues,  may  compound 
for  future  annual  dues  by  the  payment  of  Two  Hundred  and  Fifty 
Dollars. 

Provided,  however,  that  each  person  duly  elected  a  member  shall 
pay  the  entrance  fee  and  also  the  annual  dues  for  the  current  year  of 
his  election. 

Provided,  also,  that  any  Member  desiring  to  compound  for  future 
annual  dues  shall  have  paid  the  annual  dues  for  the  current  year 
before  the  compounding  sum  may  be  available. 

Provided,  also,  that  in  addition  to  the  sum  provided  for  compound- 
ing dues,  there  shall  be  paid  by  each  compounding  member,  resident 
within  fifty  miles  of  the  Post  Office  in  the  City  of  New  York,  the  sum 
of  Ten  Dollars  per  year  for  five  years  after  compounding. 

Should  a  resident  member  become  non-resident  at  any  time  during 
the  five  years  after  compounding,  he  shall  be  relieved  from  the  payment 
of  such  annual  sum  during  the  time  of  non-residence. 

Should  a  non-resident  member  become  resident  at  any  time  within 
five  years  after  compounding,  he  shall  be  liable  to  the  annual  payment 
of  Ten  Dollars  for  each  year  of  residence  up  to  five  years  after  com- 
pounding. 

Members  compounding  shall  sign  an  agreement  that  they  will  be 
governed  by  the  Constitution  and  By-Laws  of  the  Society  as  they  are 
now  formed,  or  as  they  may  be  hereafter  altered,  amended  or  enlarged; 
and  that  in  case  of  their  ceasing  to  be  members  from  any  cause  whatever, 
the  amount  theretofore  paid  by  them  for  compounding,  and  for  en- 
trance fees  and  annual  dues,  shall  be  the  property  of  the  Society. 
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The  above  amendment  was  proposed  by  the  following  named  mem- 
bers of  the  Society  :  William  P.  Shinn,  Chas.  E.  Emery,  Edward  P. 
North,  Wm.  G.  Hamilton,  and  H.  D.  Blunden. 

Captain  W.  H.  Bixby,  M.  Am.  Soc.  0.  E.,  by  letter,  objected  to  the 
amendment  as  it  stands,  because  he  considered  (1)  that  the  object  of 
compounding  is  the  avoidance  of  all  future  annual  dues  and  of  all  future 
laws  ;  and  (2),  that  if  compounding  members  are  to  be  governed  by 
future  changes  in  the  Constitution,  the  very  object  of  compounding  is 
defeated. 

To  this  a  member  replied  that  the  compounding  was  expressly  stated 
to  be  for  all  future  annual  dues,  and  that  it  would  be  a  contract  with  the 
Society  which  would  prevent  the  imposition  at  any  time  of  future  dues. 
Letters  were  read  from  several  members  favoring  the  proposed  amend- 
ment. In  reply  to  an  inquiry,  the  Proceedings  of  the  Annual  Meeting, 
January  17,  1883  (Proceedings  for  January,  1883),  in  reference  to  this 
question,  were  read,  from  which  it  appeared  that  this  amendment,  in  the 
same  words  as  now  offered,  was  at  that  time  recommended  by  vote  of 
the  Annual  Meeting  for  adoption  by  the  Society;  but  on  account  of  the 
provisions  then  existing  as  to  the  method  of  voting  upon  the  amendment 
to  the  Constitution,  the  amendment  as  it  had  been  originally  offered, 
and  also  as  amended  by  the  Annual  Meeting  to  this  present  form,  were 
both  voted  upon,  and  the  favorable  vote  was  divided  between  the  two, 
neither  having  sufficient  votes  ,  but  the  vote  for  the  two  combined  being 
enough  to  adopt. 

Mr.  A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  suggested  that  the  amend- 
ment in  its  present  form  was  inequitable  as  between  resident  and  non- 
resident members ;  that  while  the  dues  of  $15  per  year,  are  common 
to  all  members,  the  resident  member  pays  an  additional  due  of  $10 
per  year  while  so  resident.  The  proposed  compounding  sum  of  $250 
is  for  the  general  dues  of  $15  per  year,  but  the  proposed  additional 
sum  of  $10  per  year  for  only  5  years,  or  in  other  words  $50  additional, 
is  not  a  sufficient  sum  under  the  circumstances. 

After  discussion,  the  whole  subject  was  referred  to  a  committee,  with 
a  request  that  the  committee  draft  a  suitable  amendment  in  accordance 
with  the  suggestions  in  discussion,  and  report  the  same  to  this  meeting. 
Messrs.  A.  M.  Wellington,  William  P.  Shinn  and  Theodore  Cooper,  were 
appointed  such  committee. 

The  committee  subsequently  reported  and  recommended  for  adop- 
tion the  following  modified  form  of  amendment : 

Proposed  Amendment  to  Article  XXII. 
Add  at  end  of  Article  as  follows  : 

Any  member  of  the  Society  not  in  arrears  for  dues,  may  compound 
for  the  payment  of  all  future  annual  dues,  except  as  hereinafter  pro- 
vided, by  the  payment  of  two  hundred  and  fifty  dollars. 
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Provided  :  That  all  Resident  Members,  or  those  who  may  hereafter 
become  such,  shall  be  and  remain  liable  to  the  annual  payment  of  the 
difference  between  the  annual  dues  of  Resident  and  Non-i'esident  Mem- 
bers, as  the  same  now  is  or  may  be  established  from  time  to  time  ;  but 
any  member  may  at  any  time  compound  for  the  future  payment  of  all 
Annual  Dues  of  every  nature  and  kind,  by  the  payment  of  seventy-five 
dollars,  in  addition  to  the  two  hundred  and  fifty  dollars  hereinbefore 
provided  for. 

Provided,  however,  that  each  person  duly  elected  a  Member  shall 
pay  the  entrance  fee  and  also  the  annual  dues  for  the  current  year  of 
his  election. 

Provided,  also,  that  any  Member  desiring  to  compound  for  future 
annual  dues  shall  have  paid  the  annual  dues  for  the  current  year  before 
the  compounding  sum  may  be  available. 

Members  compounding  shall  sign  an  agreement  that  they  will  be 
governed  by  the  Constitution  and  By-Laws  of  the  Society  as  they  are 
now  formed  or  as  they  may  hereafter  be  altered,  amended  or  enlarged  ; 
and  that  in  case  of  their  ceasing  to  be  members  from  any  cause  whatever, 
the  amount  theretofore  paid  by  them  for  compounding,  and  for  entrance 
fees  and  annual  dues,  shall  be  the  property  of  the  Society. 

All  moneys  thus  paid  in  commutation  of  annual  dues  shall  be  invested 
as  a  permanent  fund  ;  the  interest  thereof,  only,  being  subject  to  appro- 
priation for  current  expenses. 

On  motion,  the  report  of  the  Committee  was  accepted,  and  the  re- 
vised amendment,  as  reported,  was  adopted  as  an  amendment  of  the 
original  proposition. 

The  proposed  amendment  as  adopted,  was  then,  by  vote  of  the  An- 
nual Meeting,  recommended  to  the  Society  for  adoption. 

The  tellers  to  canvass  the  ballot  for  Officers,  presented  their  report, 
as  follows  : 


Total  number  of  ballots  received 232 

Deduct  without  endorsement  of  member 3 

Duplicated  ballot 1 

Envelopes  containing  no  ballot 2 

—  6 

Total  vote 226 


For  President  :  Mr.  Frederic  Graff,  received  222  votes  ;  scattering,  4. 
For  Vice-President,  Mr.  George  S.  Greene,  Jr.,  received  224;  Mr. 
Thomas  J.  Whitman,  222  ;  scattering,  5.  For  Secretary 'and  Librarian  : 
Mr.  John  Bogart  received  224  ;  scattering,  1.  For  Treasurer  :  Mr.  J. 
James  R.  Croes  received  224  ;  scattering,  2.  For  Directors  :  Mr.  Theo- 
dore Cooper  received  225  ;  Mr.  William  R.  HuttOn,  224  ;  Mr.  Walter 
Katte,  222 ;  Mr.  O.  Chanute,  221  ;  Mr.  F.  W.  Vaughan;  221,  scatter- 
ing, 16. 
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The  following  members  were  thereupon  declared  elected  Officers  of 
the  Society  for  the  ensuing  year  : 

President:  Frederic  Graff. 

Vice-Presidents :  George  S.  Greene,  Jr.  ;  Thomas  J.  Whitman. 
Secretary  and  Librarian:  John  Bogart. 
Treasurer :  J.  James  R.  Croes. 

Directors :  Theodore  Cooper,  William  R.  Hutton,  Walter  Katte, 
O.  Chanute,  F.  W.  Vaughan. 

The  Vice-President  introduced  Mr.  Frederic  Graff,  President-elect, 
to  the  Annual  Meeting.     Mr.  Graff  spoke  as  follows  : 

"I  assure  you,  gentlemen,  I  feel  totally  unable  to  express  in  appro- 
priate terms  my  heartfelt  thanks  to  the  Members  of  the  Society  here 
present,  and  those  who,  although  absent,  have,  by  their  votes,  joined 
in  according  to  me  the  distinguished  honor  of  addressing  you  as  the 
President  of  the  American  Society  of  Civil  Engineers,  a  title  which  con- 
veys an  idea  of  the  vast  extent  over  which  its  influence  is  felt,  and 
through  which  the  work  of  its  members  is  known. 

The  position  conferred  upon  me  is  as  unexpected  as  it  is  in  the  high- 
est degree  gratifying. 

All  who  have  made  themselves  familiar  with  the  great  benefits  be- 
stowed by  the  work  of  the  Society  upon  the  public  and  the  engineer- 
ing fraternity,  recognize  the  importance  and  usefulness  of  such  an  asso- 
ciation as  ours. 

Its  membei's  individually  fully  appreciate  the  great  advantages 
afforded  for  acquaintance  with  their  fellows,  and  the  opportunities  given 
them  to  freely  communicate  the  successes  and  failures  by  which  so  much 
is  sometimes  learned. 

It  affords  me  much  pleasure  to  be  able  to  say  that  I  have  enjoyed  the 
personal  friendship  of  all  my  predecessors,  with  the  exception  of  three, 
and  in  recognizing  their  great  ability  as  engineers,  and  peculiar  fitness 
for  the  office  which  I  am  about  to  assume,  1  cannot  but  be  sensible  of 
the  responsibility,  and  can  only  hope  in  an  imperfect  manner  to  worthily 
follow  such  distinguished  and  valued  leaders. 

My  endeavor  shall  be,  as  far  as  in  my  power,  to  perform  the  duties  of 
the  office  for  the  best  advantage  and  advancement  of  the  Society,  and  its 
objects. 

I  feel,  gentlemen,  that  to  do  this  with  any  possibility  of  success,  I 
must  earnestly  ask  your  co-operation,  and  that  of  your  well-tried  and  ex- 
perienced officers,  in  the  work,  which  I  hope  with  such  aid  to  perform 
in  a  manner  worthy  of  its  importance. 

Hoping  that  the  advance  and  success  of  the  Society  in  1885  shall  be 
at  least  as  great,  if  not  greater,  than  that  of  previous  years,  I  again  cor- 
dially thank  you  for  the  honor  bestowed  upon  me." 
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The  Secretary  then  announced  the  death,  on  January  12,  1885,  of  Mr. 
John  B.  Jervis,  Hon.  M.  and  F.  Am.  Soc.  C.  E.  At  the  request  of  the 
Chairman,  remarks  were  made  by  Messrs.  William  P.  Shinn  and  A.  M. 
Wellington. 

Mr.  Wm.  P.  Shinn,  M.  Am.  Soc.  C.  E.— Mr.  President  and  Gentlemen: 
As  probably  the  member  of  the  Society  whose  intercourse  with  Mr. 
Jervis  has  been  most  intimate  during  his  later  years,  I  will  state  that 
my  acquaintance  with  Mr.  Jervis  dates  back  some  twenty-four  years, 
to  the  time  when  he  assumed  the  position  of  General  Superintendent  of 
the  Pittsburgh,  Fort  Wayne  and  Chicago  Railway.  Since  that  time  I 
have  enjoyed — and  I  use  that  word  in  its  broadest  sense — I  have  enjoyed 
the  acquaintance  of  Mr.  Jervis  as  that  of  no  other  man. 

Professionally  you  all  know  him  by  his  work,  particularly  the  work 
of  his  middle  life— the  Croton  Aqueduct.  But  he  was  a  man  whom  to 
fully  appreciate  it  was  necessary  to  enjoy  personal  relations  with,  such 
as  fall  to  the  lot  of  but  few;  a  man  who  joined  professional  ability  with 
private  virtues  to  a  greater  extent  than  any  other  whom  it  has  been  my 
fortune  to  know;  a  man  whose  remarkable  experience  it  was  to  emerge 
from  the  swamps  of  Oneida  County  with  an  axe  in  his  hand  to  clear  the 
way  for  the  engineers  who  were  locating  the  Erie  Canal,  and  to  end  his 
professional  labors  in  connection  with  that  canal  as  the  engineer  in 
charge  of  fifty  miles  of  the  work,  and  that  of  the  most  responsible  part 
of  the  work,  the  eastern  end. 

When  he  was  called  to  the  Croton  Aqueduct  the  science  of  hydraulic 
engineering  was  almost  without  an  example  in  this  country.  He  did 
that  work  in  the  midst  of  a  flood  of  hostile  criticism,  such  as  probably 
no  member  of  the  Society  here  present  has  ever  encountered.  The  work, 
like  most  public  works,  was  opposed  by  various  parties;  some  as  political 
partisans;  some  as  taxpayers,  who  objected  to  the  wasteful  expenditure 
(as  they  considered  it)  of  their  money;  and  some,  I  regret  to  say,  as 
representatives  of  our  profession,  one  of  whom  in  a  communication  over 
his  own  signature  within  six  months  of  the  completion  of  the  aqueduct 
boldly  predicted  that  it  would  never  bring  a  drop  of  water  to  the  city  of 
New  York. 

Of  Mr.  Jervis'  later  works,  most  of  us  know  his  connection  with  the 
Hudson  River  Railroad,  which  was  also  very  severely  criticized  as  a  work 
that  could  not  possibly  be  accomplished,  and  that  when  accomplished 
could  not  possibly  pay;  with  the  Michigan  Southern  and  Northern 
Indiana  Railroad,  the  Chicago  and  Rock  Island  and  the  Pittsburgh, 
Fort  Wayne  and  Chicago,  with  the  building  of  which  he  had  nothing  to 
do,  but  which  he  rebuilt.  But  perhaps  the  most  extraordinary  event  in 
connection  with  his  remarkable  life  was  his  being  called  in  consultation 
by  the  engineers  in  charge  of  the  new  Croton  Aqueduct  plans,  at  the 
age  of  86,  to  confer  with  them  in  regard  to  their  plans,  over  which  he 
spent  some  weeks  and  made  a  very  elaborate  report,  probably  his  last 
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professional  work.  I  bad  the  pleasure  of  spending  a  day  with  him  in 
the  month  of  November  last.  I  found  his  intellect  apparently  as 
vigorous  as  ever,  although  his  frame  was  feeble.  He  looked  forward  to 
the  winter  with  little  expectation  of  getting  through  it,  although  his 
talk  of  the  future  was  cheerful,  as  his  life  had  always  been.  His  death, 
when  it  came,  was  the  result  of  a  combination  of  circumstances  such  as 
might  very  easily  have  overborne  one  possessed  of  more  strength  than 
he  at  the  age  of  eighty-nine.  The  treasurer  of  the  Rome  Merchant  Iron 
Mill,  with  whom  he  had  a  personal  conference  on  a  day  about  three 
weeks  prior  to  his  death,  walked  over  from  the  mill  to  the  city  in  the 
afternoon  and  dropped  dead  while  in  the  act  of  opening  a  telegram. 
The  intelligence  of  his  death  was  indiscreetly  telephoned  to  Mr.  Jervis' 
house,  which  caused  him  a  sleepless  night.  He  felt  that  he  must  go  to 
the  mill  the  next  day,  for  even  at  his  advanced  age  he  was  in  the  habit 
of  going  to  the  mill  every  day  when  the  weather  and  his  health  would 
permit.  He  was  taken  with  a  nervous  attack  while  at  the  mill.  He 
returned  to  his  house  and  went  to  the  bed,  from  which  he  rose  but  once 
after  that  time.  He  might  have  recovered  from  that  shock;  but  about  a 
week  or  ten  days  later  he  received  the  intelligence  of  the  death  of  his 
only  sister,  a  lady  past  eighty,  and  that  came  without  any  knowledge  of 
her  previous  illness.  I  spoke  of  his  leaving  his  bed  once;  it  was  to 
execute  a  deed  for  an  interest  left  to  him  in  the  estate  of  that  sister  which 
he  desired  to  go  to  a  female  relative;  so  that  it  may  well  be  said  that  he 
died  in  the  discharge  of  what  he  felt  to  be  his  duty.  His  intellect 
remained  unclouded  until  within  about  a  day  of  his  death. 

Mr.  A.  M.  Wellington,  M.  Am.  Soc.  C.  E. — I  move  that  a  committee 
be  appointed  to  prepare  a  memoir  of  Mr.  Jervis  for  the  Proceedings  of 
the  Society,  and  in  doing  so  it  may  perhaps  be  appropriate  to  call  the 
attention  of  the  members  to  one  little  fact  in  Mr.  Jervis'  life  which  Mr. 
Shinn  did  not  especially  allude  to,  but  which  has  always  seemed  to  me 
perhaps  the  most  striking  proof  of  engineering  foresight  and  genius 
which  he  ever  gave,  and  that  was  that  a  little  over  two  years  before  the 
trial  of  the  Rocket,  which  we  are  accustomed  to  regard  as  the  first 
appearance  of  the  modern  locomotive  as  a  perfected  and  workable 
device,  Mr.  Jervis,  who  at  that  time  had  only  been  a  very  few  years  an 
engineer,  had  sufficient  foresight  and  courage  to  send  to  England  to 
order  a  locomotive  for  trial.  His  assistant,  Horatio  Allen,  was  sent  to 
England,  and  brought  back  three  locomotives,  one  of  which  was  success- 
fully tried  in  this  country  two  years  before  the  trial  of  the  Rocket, 
having  been  run  by  Horatio  Allen  himself.  When  we  consider  how 
much  farther  England  was  from  this  country  then  than  it  is  to-day,  how 
scant  was  the  supply  of  capital  for  doubtful  experiments,  how  little 
experience  any  one  had  in  the  construction  of  great  public  works,  and 
how  little  a  time  Mr.  Jervis  himself  had  been  an  engineer,  I  think  that 
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that    was    about    as  great  evidence  of  courage  and   foresight  as  any 
engineer  has  ever  given. 

The  motion  was  carried  and  the  President  was  authorized  to  appoint 
a  committee  to  prepare  a  memoir  of  Mr.  Jervis  for  publication. 

The  time  and  place  for  the  next  Convention  were  then  considered. 
The  Secretary  read  the  following  circulars,  which  had  been  issued  to  the 
Society  upon  this  subject  : 

General    Suggestions    in    Reference    to    Conventions. 
Communication  to  Members  from  the  Board  of  Direction. 

In  view  of  the  fact  that  a  number  of  members  of  the  Society  have 
expressed  the  opinion  that  our  Conventions  have  not  been  giving  satis- 
factory results,  and  particularly  that  the  number  of  days  to  which  they 
are  necessarily  limited  does  not  give  sufficient  time  for  all  that  has  been 
attempted  ;  and  in  view  also  of  the  fact  that  the  Board  has  been  partic- 
ularly requested  to  consider  whether  some  modifications  might  not  be 
properly  made  in  the  conduct  of  the  Conventions,  the  following  consid- 
erations are  presented  by  the  Board  to  our  members. 

These  considerations  are  in  harmony  with  a  report  prepared  by  a 
committee  of  members  of  the  Society  appointed  to  consider  the  subject. 

It  has  been  evident  to  those  who  have  attended  the  Conventions  of 
the  last  few  years  that  some  modification  should  be  made,  if  the 
best  results,  which  are  believed  to  be  practicable,  are  to  be  hereafter 
secured. 

Some  of  the  undesirable  features  are  : 

(1.)  The  entirely  too  limited  time  given  to  the  presentation  and  dis- 
cussion of  professional  papers. 

(2.)  The  entirely  too  large  amount  of  time  taken  up  in  local  excursions 
and  visits  by  the  whole  body  of  the  Convention  to  points  and  objects 
which  are  not  really  of  general  interest. 

(3.)  The  feeling  of  obligation  which  arises  from  the  fact  that  members, 
resident  at  the  place  of  the  Convention,  have  raised  large  sums  of  money 
through  contributions  from  themselves,  and  from  other  persons  generally 
interested  in  engineering  or  desiring  that  the  Society  should  enjoy  its 
visit ;  and,  in  this  connection  the  feeling  that  the  money  must  be  spent 
in  providing  the  excursions  alluded  to,  and  in  furnishing  entertain- 
ments which  are  of  a  more  elaborate  character  than  is  requisite  for  the 
entire  enjoyment  of  the  members  and  visitors. 

All  of  these  considerations  are  interdependent  ;  they  have  arisen  from 
no  special  fault  on  the  part  of  any  who  have  been  active  in  promoting  past 
conventions  ;  but  the  feeling  that  a  change  ought  to  be  made  certainly 
exists,  and  certainly  should  be  considered. 

It  is  suggested  that  an  entirely  new  method  of  holding  our  Conven- 
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tions  may  be  tried  with  sufficient  promise  of  success  to  warrant  the  ex- 
periment, and  this  new  method,  in  general  terms,  may  be  : 

To  hold  a  Convention  not  at  any  large  city,  nor  upon  the  invitation 
of  local  members  ;  but  to  secure,  if  possible,  a  place  where  all  can 
be  accommodated  in  a  proper  way,  and  where  the  Convention  can 
be  arranged  and  managed  entirely  with  reference  to  the  best  assurance 
of  carrying  out  the  objects  which  make  it  desirable  that  Conventions 
should  be  held.     It  is  suggested  that  these  objects  are: 

(a.)  The  presentation,  consideration,  and  undisturbed  discussion  of 
professional  subjects. 

(b.)  The  opportunity  for  free  intercourse  between  members  of  the 
Society  gathering  at  our  Conventions  from  all  parts  of  the  United  States, 
and  in  fact  of  the  world. 

(c.)  Such  opportunities  for  social  recreation  as  may  not  interfere,  but 
rather  aid  in  the  other  two  objects  mentioned  above. 

It  is  suggested  that  the  Convention  can  be  held  at  some  large  hotel, 
preferably  not  in  a  city.  Those  who  were  present  at  the  St.  Paul  and 
Minneapolis  Convention  of  last  year  will  remember  the  Hotel  Lafayette, 
at  Lake  Minnetonka.  There  are  other  hotels  in  other  parts  of  the 
country  fully  as  large,  and  located,  many  of  them,  in  delightful  situa- 
tions. Doubtless,  a  committee  of  the  Board  of  Direction  can  find  such  a 
location,  and  can  secure  ample  accommodations  on  reasonable  terms, 
where  all  the  requisites  for  comfortable  meetings  can  be  had,  where  the 
opportunity  will  be  afforded  for  pleasant  intercourse,  and  where  no  calls 
will  be  made  upon  the  members  which  will  interfere  either  with  the 
professional  or  social  enjoyment  of  the  occasion. 

Some  of  our  members  who  have  discussed  this  subject  have  already 
made  inquiries  and  have  found  several  such  places.  With  proper 
arrangements,  the  meetings  of  the  Society  during  the  Convention,  held 
in  such  a  hotel,  would  give  ample  time  for  entirely  free  and  uninterrupted 
discussion.  The  classification  of  papers  and  subjects,  as  suggested  in  a 
circular  accompanying  this,  could  be  made  to  add  largely  to  the  interest 
of  discussions.  The  hours  not  devoted  to  meetings  would  give  ex- 
cellent opportunities  for  the  more  intimate  acquaintance  of  our  members 
with  each  other.  Every  provision  could  be  made  for  the  comfort  of  the 
members  and  their  families  without  interfering  with  the  other  objects  of 
the  Convention . 

It  is  suggested  that  the  experiment  be  tried,  and  that  the  Board  of 
Direction  be  authorized  to  secure  such  provisions  for  the  next  Convention 
as  have  been  outliued  above. 

The  Board  asks  for  this  subject  the  earnest  consideration  which  its  great 
importance  to  the  welfare  of  the  Society  demands. 

A  blaak  form  for  the  retuxm  of  the  views  of  members  is  sent  herewith, 
and  it  is  particularly  requested  that  these  be  filled  out  and  forwarded  to 
the  Secretary.  The  replies  will  be  reported  to  the  Annual  Meeting, 
when  the  subject  will  be  considered. 
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The    Presentation,    Reading   and    Discussion   of    Papers    at 
Conventions. 

The  following  proposed  Regulations  will  be  submitted  by  the 
Board  of  Direction  at  the  Annual  Meeting,    January   21st,    1885. 

Members  of  the  Society  to  be  informed  that  papers  submitted  for 
reading  at  any  Annual  Convention  should  be  in  the  hands  of  the  Secre- 
tary at  least  40  days  before  the  date  of  such  Convention. 

Members  also  to  be  informed  that  papers  which  are  not  received  in 
time  to  conform  to  this  rule  can  only  take  the  chance  of  being  presented 
to  the  Convention  after  the  reading  and  discussion  of  the  papers  which 
have  been  so  submitted. 

When  papers  are  received  in  accordance  with  this  regulation,  and 
have  been  accepted  by  the  Committee  for  presentation,  the  Secretary  to 
have  concise  abstracts  made  of  each  paper,  and  to  mail  these  abstracts  to 
each  member  of  the  Society,  with  a  request  that  discussion  be  prepared, 
and  also  that  each  member  who  is  willing  and  desirous  to  take  part  in 
the  discussion  shall  so  inform  the  Secretary.  More  detailed  information 
as  to  a  particular  paper  may  be  furnished  to  members  desiring  to  dis- 
cuss it. 

In  preparing  the  programme  for  the  Convention,  the  papers  to  be 
classified,  so  that  as  far  as  practicable  definite  classes  of  subjects  may  be 
considered  at  the  same  time;  and  notices  of  this  classification,  and  of  the 
times  when  particular  subjects  are  to  be  considered,  to  be  prepared  and 
posted.  The  discussions  upon  particular  subjects  and  papers  to  be 
opened  by  members,  in  an  order  to  be  designated  by  the  Chairman  of 
the  Convention,  and  afterwards  the  discussion  to  be  general. 

A  Committee,  to  be  appointed  by  the  Board,  of  members  who  are  to 
be  present  at  the  Convention,  which  Committee  will  aid  the  Secretary  in 
arrangements  for  the  presentation  and  discussion  of  papers,  and  in  per- 
fecting other  requisite  details  for  the  Convention. 


An  abstract  of  the  suggestions  made  by  members  upon  this  subject 
was  then  read : 

Total  number  of  replies  received 183 

Suggesting  that  the  Board  of  Direction  be  authorized  to  secure 
the  provisions  for  next  Convention,  as  outlined  in  the  cir- 
cular      136 

Suggesting  that  visiting  and  insj)ection  of  engineering  works 

be  not  omitted 13 

That  the  method  adopted  in  the  past  be  continued 2 

Communications  agreeing  in  general  with  the  views  of  the  cir- 
cular, but  offering  suggestions  as  to  special  points 32 

183 
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The  following  places  were  also  suggested  in  these  replies:  Ashland, 
Wis.;  Baltimore,  Md. ;  Catskill,  N.  Y. ;  Hotel  Kaaterskill  and  Grand 
Hotel,  Catskill,  N.  Y. ;  Chatauqua  Lake;  Chicago;  Cincinnati;  Hotel  La- 
fayette, Minnetonka,  Wis.;  Cornell  University,  Ithaca,  N.Y. ;  New  Or- 
leans; Eichland  Springs;  San  Francisco;  Saratoga;  White  Mountains; 
White  Sulphur  Springs;  the  liDe  of  the  Pennsylvania  Railroad. 

The  White  Sulphur  Springs  was  also  suggested  by  some  members 
present  at  the  meeting. 

Mr.  S.  B.  Opdyke,  Jr.,  M.  Am.  Soc.  C.  E.,  said  that  as,  in  conversa- 
tion before  the  Annual  Meeting,  Saratoga  had  been  suggested  as  a  pos- 
sible location  for  the  next  Convention,  he  had  taken  pains  to  inquire  as 
to  the  probable  facilities  for  reaching  Saratoga  by  the  various  lines  of 
railway,  and  that  he  had  secured  from  the  officers  of  a  number  of  lines 
the  statement  that  they  would  be  very  glad  to  offer  the  Society  special 
facilities  for  travel  over  their  lines,  should  Saratoga  be  selected  for  the 
place  of  the  Convention.     This  included  a  trip  to  the  Hoosac  Tunnel. 

Mr.  A.  W.  Locke,  M.  Am.  Soc.  C.  E.,  the  manager  of  the  Troy  and 
Greenfield  Railroad  and  Hoosac  Tunnel,  confirmed  this  statement,  and 
said  that  he  had  received  the  assurance  that  the  Society  would  be  wel- 
comed and  taken  care  of  on  the  lines  approaching  Saratoga  and  the 
Tunnel,  from  the  eastward. 

After  discussion  the  subject  of  the  time  and  place  for  the  next  con- 
vention of  the  Society  was  referred,  with  power,  to  the  Board  of  Di- 
rection, with  the  request  that  the  Board  give  full  consideration  to  the 
suggestion  of  holding  the  meeting  at  Saratoga. 


The  following  letter  was  then  presented : 


The  American  Exhibition  in  London,  1886 
City  Offices:  7  Poultry,  London,  E.  C 
5  January,  1885. 


■I 


D.  J.  Whittemore,  Esq.,  President, 

The  American  Society  of  Civil  Engineers,  New  York. 

Dear  Sir, — As  the  representative  of  the  Executive  Council  of  the 
American  Exhibition  to  be  held  in  London  in  1886,  it  affords  me  ex- 
ceeding pleasure  on  their  behalf  to  invite  the  American  Society  of  Civil 
Engineers  to  hold  their  annual  convention  in  London  in  1886. 

We  shall  be  delighted  to  provide  the  members  with  rooms  for  their 
meetings,  and  to  do  all  in  our  power  to  promote  their  pleasure  and  com- 
fort. 

Negotiations  have  already  been  entered  into  with  Atlantic  Steamship 
lines,  by  which  a  material  saving  in  the  usual  passenger  rates  will 
be  effected,  and  such  of  the  members  of  your  Society  as  shall  honor 
us  by  accepting  our  invitation,  will,  of  course,  have  every  communica- 
tion afforded  them,  so  that  they  may  profit  by  the  favorable  terms  we 
are  certain  to  obtain. 
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In  the  hope  that  this  invitation  will  be  favorably  received  and  ac- 
cepted. 

I  am,  dear  sir,  yours  respectfully  and  faithfully, 

JOHN  K.  WHITLEY, 

Director  General. 

On  motion,  the  thanks  of  the  Society  were  tendered  to  the  Executive 
Council  of  the  American  Exhibition,  to  be  held  in  London  in  1886,  for 
this  courteous  invitation,  and  the  Secretary  was  requested  to  transmit 
this  action  of  the  Society  to  the  proper  officers  of  that  exhibition. 

A  recess  was  then  taken  for  lunch,  which  was  served  in  the  Society 
House. 

After  lunch  the  session  was  resumed. 

The  report  of  the  Committee  on  Uniform  Standard  Time  was  pre- 
sented. 

Eepokt  of  the  Special  Committee   on  Unifokm  Standard  Time. 
Presented  and  accepted  at  the  Annual  Meeting,  January  21,  1885. 


The  Special  Committee  on  Standard  Time  beg  leave  to  report  : 
At  the  Convention  of  the  Society,  held  at  Buffalo,  in  June  last,  the 
Committee  reported  on  the  satisfactory  progress  which  had  been  made  in 
time  reform  up  to  that  date.  One  of  the  reforms  advocated  by  the  So- 
ciety had  been  in  use  throughout  North  America  for  a  period  of  six 
months,  with  results  of  the  most  satisfactory  character. 

The  President  of  the  Society,  in  his  address  at  Buffalo,  gave  promi- 
nence to  the  question,  and  pointed  out  that  it  is  one  of  the  high  aims  and 
duties  of  the  Engineering  profession  "to  consider  and  determine  the 
most  economic  use  of  time,  power  and  mattei\" 

The  Committee  again  have  the  satisfaction  to  report  marked  progress. 
Since  the  Buffalo  Convention  the  International  Conference,  referred  to 
in  last  report,  has  met  at  Washington,  and  has  come  to  decisions  of  high 
importance. 

On  the  invitation  of  the  President  of  the  United  States,  delegates 
from  the  following  twenty-six  nations  assembled,  viz.  : 

Austria-Hungary.  Brazil. 

Colombia.  Costa  Rica. 

France.  Germany. 

Great  Britain.  Guatemala. 

Hawaii.  Italy. 

Japan.  Mexico. 

Paraguay.  Russia. 

San  Domingo.  Salvador. 

Spain.  Sweden. 
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Switzerland.  United  States. 

Venezuela.  Chili. 

Denmark.  Liberia. 

Netherlands.  Turkey. 

The  Conference  held  eight  sessions,  extending  from  the  1st  October 
to  the  1st  November,  and,  after  patient  and  careful  deliberation,  passed 
the  following  resolutions,  viz. : 

I. — "  That  it  is  the  opinion  of  this  Conference  that  it  is  desirable  to 
adopt  a  single  prime  meridian  for  all  nations,  in  place  of  the  multipli- 
city of  initial  meridians  which  now  exist. 

II. — "That  the  Conference  proposes  to  the  Governments  here  rep- 
resented the  adoption  of  the  meridian  passing  through  the  centre  of 
the  transit  instrument  at  the  Observatory  of  Greenwich,  as  the  initial 
meridian  for  longitude. 

III. — "  That  from  this  meridian  longitude  shall  be  counted  in  two  di- 
rections up  to  180  degrees,  east  longitude  being  plus  and  west  longitude 
minus. 

IV. — "That  the  Conference  proposes  the  adoption  of  a  universal 
day  for  all  purposes  for  which  it  may  be  found  convenient,  and  which 
shall  not  interfere  with  the  use  of  local  or  other  standard  time  when  de- 
sirable. 

V. — "  That  this  universal  day  is  to  be  a  mean  solar  day  ;  is  to  begin 
for  all  the  world  at  the  moment  of  mean  midnight  of  the  initial  meridian, 
coinciding  with  the  beginning  of  the  civil  day  and  date  of  that  meridian; 
and  is  to  be  counted  from  zero  up  to  twenty-four  hours. 

VI.  — "  That  the  Conference  expresses  the  hope  that,  as  soon  as  may 
be  practicable,  the  astronomical  and  nautical  days  will  be  arranged  every- 
where to  begin  at  mean  midnight. 

VII. — "That  the  Conference  expresses  the  hope  that  the  technical 
studies  designed  to  regulate  and  extend  the  application  of  the  decimal 
system  to  the  division  of  angular  space  and  of  time  shall  be  resumed,  so 
as  to  permit  the  extension  of  this  application  to. all  cases  in  which  it  pre- 
sents real  advantage." 

These  resolutions  of  the  International  Conference  are  substantially 
in  accord  with  the  principles  laid  down  in  the  printed  papers  and  re- 
ports of  this  Society.     The  effect  of  the  resolutions  is  threefold: 

1.  They  define  and  establish  "a  universal  standard  time  to  be  com- 
mon to  all  peoples  throughout  the  world."  This  standard  time  desig- 
nated cosmic  time*  in  previous  publications  of  the  Society,  "maybe 
used  to  promote  exactness  in  chronology;  it  may  be  employed  in  as- 
tronomy, navigation,  meteorology,  and  in  connection  with  synchronous 
observations  in  all  parts  of  the  world.  It  may  be  regarded  as  the  time 
which  will  be  used  in  ocean  telegraphy,"  and  for  other  purposes  of  a 
general  character. 

*  The  etymology  of  the  word  commends  its  use. 
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2.  They  give  an  authoritative  recognition  by  the  civilized  nations  to 
the  twenty-four  o'clock  system,  as  the  hours  of  cosmic  time  are  to  be 
counted  from  zero  up  to  twenty-four  without  interruption. 

3.  They  practically  determine  the  position  of  twenty-four  standard 
hour  meridians  around  the  globe.  Hence  complete  uniformity  will  be 
obtained  when  the  system  of  regulating  time  which  has  been  adopted 
with  such  signal  success  in  North  America  comes  to  be  extended  to  other 
continents. 

The  hour  meridians  are  not  mentioned  in  the  resolutions,  but  that 
they  are  nevertheless  determined  is  obvious.  The  zero  of  the  twenty 
four  hours  of  each  successis-e  cosmic  day  is  the  moment  of  mean  solar 
passage  on  the  anti-prime  meridian.  The  first  hour  is  at  the  solar 
passage  on  the  meridian  15  degrees  westward;  this,  then,  becomes  the 
first  hour  meridian.  The  second  hour  of  the  cosmic  day  is  at  the  solar 
passage  on  the  meridian  15  degrees  still  further  westward;  this  becomes 
the  second  hour  meridian.  And  so  on,  in  turn,  each  meridian  which  is 
an  exact  multiple  of  15  degrees  from  zero  becomes  an  hour  meridian 
corresponding  in  number  with  the  numbers  of  the  successive  hours  of 
the  cosmic  day.  The  twenty-four  hour  meridians  so  determined  come 
in  the  following  order,  viz. : 

Zero — the  anti-prime  meridian 180°  East  and  West. 

1st  hour  meridian 165°  East . 

2d  "  150°  East. 

3d  "  135°  East. 

4th         "  120°  East. 

5th         "  105°  East. 

6th  "  90°  East. 

7th         "  75°  East.      • 

8th         "  60°  East. 

9th         "  45°  East. 

10th  "  30°  East. 

11th         "  15°  East. 

12th  "  0°  Prime  Meridian . 

13th         "  15°  West. 

14th  "  30°  West. 

15th         "  45°  West. 

10th         "  00°  West. 

17th         «  75°  West. 

18th         "  90°  West. 

19th         "  105°  West. 

20th         "  120°  West. 

21st  "  135°  West. 

22d  "  150°  West. 

23d  "  105°  West. 

24th  or  zero  of  the  hours 180°  West  and  East. 
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It  will  thus  be  obvious  that  the  conclusions  of  the  International  Con- 
ference are  substantially  in  agreement  with  the  scheme  of  time  reform 
which  the  American  Society  of  Civil  Engineers  has  systematically  pro- 
moted for  some  years  back. 

In  the  report  of  the  Committee,  submitted  at  the  Buffalo  Convention, 
special  attention  was  directed  to  what  is  generally  designated  the  24 
o'clock  system.  The  report  pointed  out  that  with  extreme  ease  and  at 
insignificant  cost  all  time-keepers  could  be  adapted  to  the  new  notation. 
The  Committee  further  reported  that  they  had  received  communications 
directly  bearing  on  this  branch  of  the  question  from  a  large  number  of 
prominent  men  in  every  section  of  the  country,  and  that  92  per  cent,  of 
those  heard  from  were  decidedly  of  opinion  that  the  hours  should  be 
counted  in  single  series  from  zero  to  24. 

As  a  change  from  the  present  custom  of  reckoning  the  hours  to  the 
proposed  new  mode  affects  many  interests,  and  it  could  only  be  effected 
by  general  concurrence,  especially  of  those  controlling  the  various  lines 
of  railway,  the  Committee  deem  it  advisable  to  take  steps  to  obtain  an 
expression  of  opinion  on  this  point.  Since  the  Buffalo  Convention  a 
correspondence  has  taken  place  between  the  Secretary  and.  the  Kailway 
authorities  throughout  the  United  States  and  Canada.  Replies  have  been 
received  from  171  gentlemen,  generally  presidents,  managers  and  super- 
intendents, 98  per  cent,  of  whom  have  individually  expressed  their  sym- 
pathy with  the  movement,  and  stated  that  they  will  be  prepared  when  it 
is  ascertained  that  the  feeling  is  general  to  abandon  the  old  practice 
of  dividing  the  day  into  halves  of  twelve  hours  each, numbered  separately, 
and  substitute  therefor  a  single  notation  of  24  hours.  The  managers 
and  others  heard  from  who  will  support  and  carry  out  the  change  repre- 
sent 59,100  miles  of  railway.  A  list,  giving  the  names  of  those  gentle- 
men and  the  lines  of  railway  they  are  connected  with,  is  appended. 

The  Committee  feel  warranted  in  stating  that  the  great  telegraph  in- 
terests of  the  country  are  in  full  sympathy.  They  have  the  authority  of 
the  President  of  the  Western  Union  Telegraph  Company  for  saying  that 
the  general  adoption  of  the  24  o'clock  system,  besides  reducing  risk  of 
errors,  would  save  to  that  company  the  transmission  of  fully  one  hundred 
and  fifty  millions  of  letters  annually. 

Since  the  conclusions  of  the  Washington  Conference  were  made 
known  in  Europe  only  a  few  weeks  back,  the  24  o'clock  system  has  at- 
tracted marked  attention.  On  the  first  of  the  present  month  it  was 
adopted  at  the  Greenwich  Observatory,  the  seat  of  control  for  all  the 
public  clocks  of  Great  Britain. 

In  view  of  all  the  circumstances,  it  appears  to  the  Committee  that  the 
day  is  not  far  distant  when  a  change  may  be  successfully  accomplished 
in  this  country.  As  in  the  matter  of  regulating  time  throughout  North 
America  by  hour  standards,  it  is  believed  that  the  proposed  change  can 
best  be  effected  by  the  railway  authorities.      The  Committee  therefore 
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recommend  that  steps  be  taken  to  bring  all  the  information  referred  to  in 
this  report,  and  the  whole  question,  before  the  next  meeting  of  the  Rail- 
way General  Time  Conventions. 

The  Committee  would  particularly  recommend  to  the  railway  author- 
ities that  they  shall  provide  small  printed  supplementary  dials — the  cost 
of  which  would  be  hardly  worthy  of  consideration — to  be  pasted  upon 
the  dials  of  the  watches  of  all  employees,  and  also  supplementary  dials 
of  proper  dimensions  to  be  pasted  upon  the  station  clocks,  which  would 
familiarize  employees  and  the  public  in  the  shortest  possible  time  with 
the  new  system. 

For  the  Special  Committee, 

SANDFORD  FLEMING, 

January,  1885.  Chairman. 

Mr.  T.  Eglestox,  M.  Am.  Soc.  C.  E. — In  the  absence  of  Mr.  Flem- 
ing, the  chairman  of  the  committee,  I  have  been  requested  to  read  the 
report.  I  wish  to  say,  in  submitting  it,  that  since  the  last  convention 
I  have  had  the  opportunity  of  traveling  through  most  of  the  countries 
of  Europe,  and  have  had  occasion  to  talk  with  many  of  the  railway 
officials  and  others  directly  interested  in  this  subject,  and  they  have  not 
only  felt  an  immense  interest  in  what  is  going  on  here,  and  thought  that 
we  had  shown  great  enterprise  in  making  a  change  of  standard  time  in 
this  country,  but  they  are  fully  prepared  for  the  21  o'clock  system. 

Mr.  Fleming  and  the  other  members  of  the  committee  are  very  anx- 
iotis  that  the  committee  should  have  authority  to  represent  the  Society  of 
Civil  Engineers  in  the  coming  Time  Convention  of  the  railways,  which 
is  to  be  held  shortly.  There  are  two  methods  of  doing  this  :  either  to 
authorize  the  committee  to  appear  by  proxy  or  in  person,  or  else  for  the 
Board  of  Direction  to  appoint  delegates  to  the  convention.  The  com- 
mittee are  not  prepared  to  offer  a  resolution,  but  they  wish  to  have  one 
of  these  methods  considered  and  have  some  authority  by  which  this 
Society  may  be  authoritatively  represented  there.  The  committee  have 
no  authority,  so  far,  from  the  Society  except  to  do  the  work.  I  think 
that,  although  a  member  of  the  committee,  I  may  fairly  say  that  that 
work  has  been  well  done.  I  think  if  matters  move  as  they  are  now 
moving,  within  the  year  1885  the  use  of  24  hours  instead  of  two  divis- 
ions of  12  hours  will  be  in  general  use. 

Mr.  Charles  Macdonald,  M.  Am.  Soc.  C.  E. — Referring  to  a  letter 
which  I  have  just  received  from  Mr.  Fleming,  who  is  unavoidably 
detained,  he  says  :  "  I  hope  you  will  be  at  the  meeting  and  be  prepared 
to  move  a  resolution  to  appoint  delegates  of  the  Society  to  the  Time 
Convention." 

I  would  therefore  move  that  a  committee  of  three  be  appointed  by 
the  Board  of  Direction  as  delegates  to  the  approaching  Time  Convention. 
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The  Chairman. — It  is  moved  and  seconded  that  the  Board  of  Direc- 
tion be  requested  to  appoint  a  committee  of  three  to  attend  the  Time 
Convention  of  the  railways. 

The  motion  was  carried. 

Mr.  Feed.  Brooks. — As  the  committee's  report  remains  to  be  dis- 
posed of,  I  move  that  it  be  accepted,  and  that  the  committee  be  continued 
and  requested  to  treat,  in  its  next  report,  the  decimal  division  of  time. 

The  International  Meridian  Conference,  we  have  just  now  heard, 
hoped  that  technical  studies  would  be  resumed  so  as  to  permit  the 
application,  so  far  as  would  be  really  advantageous,  of  the  decimal 
system  to  the  measurement  of  time. 

As  we  have  an  able  committee,  now  organized  which  has  already 
become  familiar  with  the  principal  considerations  affecting  time  measure- 
ment, I  think  we  had  best  ask  it  to  discuss  this  matter  of  decimalization. 
It  is  a  subject  that  has  attracted  the  attention  of  civil  engineers. 

Mr.  Frederick  T.  Newberry,  Assistant  Engineer  Southern  Pacific 
Railroad,  proposed  in  a  letter  published  in  the  Travelers'  Official  Guide 
for  April,  1882,  to  divide  time  decimally,  starting  with  the  day  as  the 
principal  unit.  Mr.  Jacob  M.  Clark,  M.  Am.  Soc.  C.  E.,  Engineer 
Central  Railroad  of  New  Jersey,  appended  to  the  Society's  Transactions 
for  December,  1882,  tables  of  measure  which  contemplate  apparently 
the  decimal  division  of  the  hour,  the  day  being  divided  into  24  hours. 
In  reckoning  the  time  of  the  help  at  mills  it  is  sometimes  the  practice 
now  to  use  decimal  fractions  of  the  hour  for  convenience  in  computation; 
and,  if  ten  hours  is  the  average  day's  work,  an  approach  is  made  to  a 
decimal  system.  A  third  project  was  presented  at  the  Meridian  Con- 
ference, where  it  was  proposed  to  divide  the  day  into  quarters  and  to 
subdivide  those  decimally;  though  the  resolution  finally  adopted  was 
in  the  modified  form  quoted  in  the  report  of  our  committee.  The  ques- 
tion is  thus  open  for  discussion,  which  of  these  forms  of  decimalization 
(each  of  which  has  its  advantages),  or  what  other  form  of  decimalization, 
is  preferable,  besides  the  general  question  of  what  the  value  of  decimal- 
izing time  measurement  would  amount  to  in  comparison  with  the  trouble 
it  would  make. 

I  should  have  supposed  that  this  was  a  question  for  the  future,  and 
that  it  belonged  to  astronomers  rather  than  to  civil  engineers;  but  as  our 
business  men  and  the  public  generally  have  adopted  the  hourly  stand- 
ards of  time  with  a  readiness  surprising  even  to  the  leading  promoters 
of  that  reform,  and  as  we  have  just  now  been  told  that  the  English 
astronomical  authorities  have  with  the  present  year  changed  their  prac- 
tice as  recommended  by  civil  engineers,  and  now  begin  and  end  the  day 
at  midnight,  perhaps  civil  engineers  may  usefully  give  further  study  to 
the  subject.  Prudence  suggests  that  we  look  forward,  if  we  can,  to  the 
system  of  the  future,  in  order  that  by  keeping  it  in  view  we  may  decide 
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with  better  judgment  about  any  steps  of  change  that  may  from  to  time 
be  urged  upon  us. 

Mr.  George  S.  Morison,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that 
there  is  a  very  simple  question  before  the  Society  at  this  moment. 
That  question  is  simply,  as  stated  in  Mr.  Macdonald's  motion,  shall  a 
committee  be  appointed  to  represent  the  Society  in  the  coming  Rail- 
road Time  Convention  ?  The  only  object  in  appointing  that  committee 
is  to  pass  on  that  single  question  of  adopting  what  is  known  as  the 
twenty-four  o'clock  system.  What  Mr.  Brooks  says  about  the  decimal 
subdivision  of  time  has  no  doubt  a  great  deal  in  it.  But  it  is  not  the 
question  we  are  now  considering.  "What  we  want  is,  to  have  a  proper 
representation  of  the  Society  to  exert  the  full  influence  of  the  Society  for 
a  single  and  simple  object. 

The  Chairman. — Mr.  Macdonald's  motion  was  carried. 

Mr.  J.  J.  R.  Croes,  M.  Am.  Soc.  C.  E. — I  would  suggest  that  Mr. 
Brooks'  motiou,  with  his  consent,  be  divided.  His  motion  embraces  two 
different  things.  One  is  that  the  report  be  received  and  accepted  and 
the  committee  continued.  The  other  one  was  that  the  committee  be 
requested  to  consider  the  question  of  decimal  time.  If  Mr.  Brooks 
would  separate  his  motion,  so  as  to  make  it  first,  simply  that  the  report 
be  accepted  and  the  committee  continued,  then  his  other  motion  can 
come  up  afterwards. 

Mr.  F.  Brooks. — I  have  no  objection  to  dividing  the  motion. 

The  Chairman. — I  do  not  understand  that  Mr.  Brooks'  motion  is 
seconded. 

Mr.  J.  J.  R.  Croes. — Mr.  Brooks  accepts  that  amendment,  and  I  will 
second  the  motion. 

The  Chairman. — That  question  is  then  now  before  the  meeting,  that 
the  report  be  accepted  and  the  committee  continued. 

The  motion  was  carried. 

Mr.  F.  Brooks. — I  move  that  the  committee  be  requested  in  their  next 
report  to  treat  of  the  decimal  division  of  time. 

The  motion  was  seconded. 

Mr.  F.  Brooks. — The  division  of  the  question  ought  to  permit  me  to 
speak  a  second  time.  The  representatives  of  26  nations,  called  together 
at  the  Meridian  Conference,  having  formally  resolved  that  they  hoped 
study  would  be  made  of  the  decimalization  of  time  in  cases  where  it 
would  really  be  advantageous,  it  behooves  the  American  Society  of  Civil 
Engineers,  which  actively  favored  the  holding  of  the  conference,  to  pay 
heed  to  its  recommendation. 

A  viva  voce  vote  was  taken,  but  the  chair  was  unable  to  decide  which 
side  had  the  majority. 

Mr.  J.  J.  R.  Croes. — This  is  simply  a  matter  for  the  consideration 
of  the  committee.  I  do  not  suppose  that  all  those  who  voted  understood 
the  question.  It  is  simply  a  request  to  the  committee  to  consider  that 
question. 
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A  member. — It  is  to  treat  it  in  their  report. 

Mr.  Charles  Macdonald. — I  think  we  ought  not  to  put  it  upon  that 
committee  to  take  up  an  entirely  new  question.  Let  them  finish  up 
with  what  they  have  got,  and  if  the  gentlemen  have  sufficient  support  to 
bring  forward  the  question  on  its  own  merits  and  have  a  committee 
appointed  to  consider  it,  well  and  good.  Bat  I  am  opposed  to  having 
it  grafted  on  the  work  of  that  committee. 

Mr.  George  S.  Mobison. — It  seems  to  me  that  any  such  proposition 
as  this  is  about  as  radical  a  thing  as  can  possibly  be  supposed.  It  is  a 
proposition  which  proposes  to  change  our  entire  system  of  keeping  time, 
in  a  manner  which  will  be  entirely  different,  having  no  common  factors, 
as  you  may  say,  with  the  old  system.  It  will  involve  the  destruction  of 
every  clock  and  watch  in  the  universe.  It  is  far  more  radical  than  the 
introduction  of  the  metric  system  or  anything  of  the  kind.  It  is  some- 
thing which  ought  not  to  be  taken  up  by  the  Society  with  the  slightest 
favor  until  it  has  been  considered  for  weeks  and  months.  I  hope  this 
will  be  voted  down  by  a  large  majority. 

Mr.  T.  Egleston. — As  a  member  of  the  committee,  I  should  rather 
object  to  bringing  in  a  report  on  so  important  a  question  by  next  June. 
I,  for  one,  do  not  feel  competent  to  do  such  a  thiug  as  that,  and  I  do  not 
think,  as  there  are  a  large  number  of  questions  still  to  come  before  the 
committee  which  will  call  for  active  work,  that  it  is  fair  to  call  on  the 
committee  to  bring  in  a  report  on  them  in  June  next.  I  do  not  think  it 
is  quite  right  to  give  them  not  quite  five  working  months  to  consider 
and  report  on  the  whole  subject. 

Mr.  O.  Herschel,  M.  Am.  Soc.  C.  E. — My  objection  lies  deeper 
perhaps  than  what  is  mentioned,  and  that  is  as  to  instructing  the  com- 
mittee on  their  duties.  There  was  nothing  that  stood  in  the  way  of  the 
committee  reporting  on  the  subject,  had  they  considered  it  expedient  so 
to  report,  and  there  is  nothing  to  hinder  them  from  reporting  in  the 
future  on  that  subject  if  they  consider  it  expedient.  I'really  hope  that 
my  friend  Mr.  Brooks  will  withdraw  the  motion.  It  seems  to  me  an 
unnecessary  one.  The  committee  can  report  if  they  please,  and  they 
have  proved  themselves  a  very  wise  and  hardworking  committee. 

Mr.  F.  Brooks. — If  the  meeting  is  at  all  embarrassed  by  it,  I  have  no 
objection  to  withdrawing  the  motion.     I  withdraw  the  motion. 

The  report  of  the  Committee  on  "Uniform  System  for  Tests  of  Ce- 
ment" was  then  presented  and  read.*  A  minority  report  of  the  com- 
mittee *  was  also  presented  and  read.  The  subject  was  discussed  by 
Messrs.  A.  P.  Boiler,  J.  J.  R.  Croes,  F.  O.  Norton,  F.  Collingwood, 
H.  R.  Towne,  James  Owen,  L.  F.  Beckwith,  Charles  Macdonald  and 
Charles  B.  Brush. 

On  motion  the  majority  and  minority  reports  were  accepted  with  the 
thanks  of  the  Society,  and  the  committee  discharged. 
*  To  be  published  in  the  Transactions. 
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A  recess  was  then  taken  until  evening. 

The  session  was  resumed  at  20  o'clock.  It  was  moved  that  the  com- 
mittee to  which  had  been  referred  the  subject  of  a  Uniform  System  for 
Tests  of  Cement,  be  requested  by  the  Board  of  Direction  to  consider 
the  subject  of  the  compressive  strength  of  cement,  and  also  of  the  actual 
compression  of  cement  and  the  settlement  of  masonry,  and  the  Board  be 
empowered  to  fill  the  place  of  any  members  of  that  committee  who  may 
not  be  desirous  of  serving  upon  this  continued  investigation.  After  dis- 
cussion by  Messrs.  F.  Collingwood,  T.  C.  McCollom  and  William  P. 
Shinn  the  motion  was  adopted. 

Mr.  Oberlin  Smith,  M.  Am.  Soc.  C.  E.,  moved  that  the  subject  of  the 
proposed  reform  in  the  United  States  Patent  Office  be  referred  to  the 
Board  of  Direction,  to  consider  whether  any  action  of  the  Society  may 
be  taken  in  this  matter.  After  discussion  by  Messrs.  Oberlin  Smith,  J. 
P.  Davis  and  Theodore  Cooper,  the  motion  was  carried. 

Mr.  William  P.  Shinn,  M.  Am.  Soc.  C.  E.,  presented  the  following 
resolution: 

Resolved,  That  the  President  be  authorized  to  appoint  a  committee, 
consisting  of  five  members,  to  confer  with  committees  appointed  by 
kindred  societies,  for  the  purpose  of  devising  and  considering  a  plan 
for  creating  a  library  for  the  joint  use  of  the  organizations  represented 
by  the  committees  in  conference;  said  plan  to  be  reported  to  the  society 
for  such  action  as  may  be  desirable. 

Mr.  Henry  B.  Towne,  M.  Am.  Soc.  C.  E. — As  a  member  of  the 
Library  Committee  of  the  Society  of  Mechanical  Engineers,  I  am 
familiar  with  the  subject  covered  by  the  resolution,  and  I  wish  to  sug- 
gest one  amendment  to  it.  In  making  provision,  as  we  have  recently, 
in  the  Society  of  Mechanical  Engineers,  for  the  creation  of  a  library 
fund,  our  first  difficulty  is  encountered  in  the  shape  of  where  to  put  it, 
the  need  of  a  room  or  building,  and  I  suggest  this,  whether  it  is  not 
expedient  that  whatever  committee  may  consider  this  question  of  a  joint 
library  should  simultaneously  consider  the  question  of  joint  accommo- 
dation for  the  two  or  three  societies  that  are  likely  to  become  united  in 
this  manner.  It,  of  course,  involves  no  committal  of  this  Society,  or 
any  of  them,  to  joining  in  that  way,  unless  it  should  seem  expedient  to 
all  of  them.  A  library  cannot  exist  without  some  place  to  keep  it  in, 
and  wherever  the  library  is  kept  becomes  naturally  the  headquarters  of 
the  owners  of  the  library.  I  offer  an  amendment  that  the  committee,  if 
appointed,  shall  consider  both  questions — a  joint  library  and  a  joint 
accommodation  for  the  societies  owning  the  library. 

Mr.  Joseph  P.  Davis,  M.  Am.  Soc.  C.  E.— I  think  the  resolution  as 
offered  is  a  somewhat  mysterious  one.  We  do  not  know  what  societies 
are  included  nor  the  object  of  the  resolution,  and  would  like  to  have 
the  matter  a  little  more  clearly  expressed. 
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Mr.  Heney  R.  Towne. — I  can  answer  that  question  from  the  fact 
that  I  have  participated  in  the  discussion  concerning  this  matter  with 
the  members  of  two  other  societies— the  Mechanical  Engineers  and  the 
Mining  Engineers — and  I  think  so  far  as  the  matter  has  taken  any  shape 
at  all  in  formal  discussions,  it  has  been  with  the  hope  that  at  some  time 
in  the  future  the  three  engineering  societies  now  existing,  with  possibly 
at  some  time,  the  addition  of  a  fourth,  the  Electrical,  may  unite  in 
having  a  central  headquarters,  presumably  in  this  city,  where  a  library 
shall  be  located,  common  to  all  of  the  societies,  and  where  also  they 
may  unite  in  a  building  in  which  all  can  have  suitable  places  for  meet- 
ing, and  'where  by  reason  of  the  larger  number  that  will  in  that  way  be 
brought  together,  any  of  us  happening  in  at  any  time  will  be  likely  to 
find  friends  and  acquaintances  whom  it  will  be  pleasant  to  meet.  I 
think  the  whole  project  is  one  certainly  worth  careful  consideration  by 
a  committee  and  by  the  Society  in  the  form  that  the  committee  may 
report. 

Mr.  J.  J.  R.  Ckoes,  M.  Am.  Soc.  C.  E. — As  chairman  of  the  Library 
Committee  for  a  number  of  years,  though  I  do  not  know  what  I  may 
be  in  the  future,  I  think  that  this  project  is  worthy  of  very  serious  con- 
sideration. I  think,  also,  that  it  should  be  considered  by  those  who 
have  been  conversant  with  the  management  and  affairs  of  the  Society, 
and  for  that  reason  I  think  that  it  should  be  referred  to  the  Board  of 
Direction,  because  four  or  five  gentlemen  who  have  not  been  familiar 
with  the  affairs  of  the  Society,  could  hardly  consider  it  as  fairly  with 
regard  to  the  interests  of  this  Society  as  those  who  are  officially 
well  informed  as  to  those  affairs.  While  I  do  not  desire  to  have 
anything  to  do  with  it  myself,  still  it  is  a  matter  that  I  would  take  a 
good  deal  of  interest  in,  and  I  should  be  very  glad  to  see  it  take  the 
course  suggested. 

Mr.  M.  N.  Fokney,  M.  Am.  Soc.  C.  E.— Mr.  Chairman,  Mr.  Davis 
remarked  that  there  was  something  apparently  mysterious  about  this 
resolution.  In  order  to  take  that  impression  from  his  mind,  I  would  say 
that  there  is  nothing  mysterious  at  all  about  it.  There  are  a  number  of 
persons,  some  of  them  connected  with  more  than  one  of  the  societies, 
who  have  had  under  consideration  for  some  time  the  propriety  of 
creating  a  joint  library  to  be  used  by  the  members  of  all  the  associa- 
tions. It  seemed  to  them  the  very  height  of  folly  that  more  than  one  as- 
sociation in  the  City  of  New  York  should  undertake  to  duplicate  a  series 
of  books;  whereas  one  set  of  books  would  answer  equally  well  for  all 
the  societies.  Of  course,  the  money  expended,  if  concentrated  uj^on 
one  library,  would  go  a  great  deal  further  in  creating  a  perfect  library 
than  if  divided  among  two  or  more  separate  organizations.  The  purpose 
of  it  then  was  simply  to  get  together  committees  from  the  different 
engineers'  associations,  and  have  them  say  whether  any  plan  which  would 
be  satisfactory  to  this  Association  could  be  devised,  and  also  satisfactory 
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to  the  other  associations.  There  is  no  intention  of  springing  any  mys- 
terious plan  upon  any  of  the  organizations. 

With  reference  to  the  remarks  of  Mr.  Croes,  I  think  they  are  very 
pertinent,  and  I  think  that  the  members  of  the  old  Library  Committee 
would  probably  be  the  most  competent  to  advise  and  to  suggest  means 
of  bringing  about  this  result.  I  hope  that  the  matter  will  not  be 
referred  to  the  Board  of  Direction,  but  that  a  committee  will  be  ap- 
pointed now.  There  is  no  danger  incurred.  The  committee  have  no 
authority  except  to  confer  with  other  committees  of  a  similar  character. 
When  they  report  to  the  Society  their  report  can  be  accepted,  laid  on 
the  table,  or  any  other  disposition  can  be  made  of  it.  But  certainly  no 
harm  can  come  of  an  interview  of  this  kind,  and  I  can  see  that  in  the 
future  very  great  good  may  come  from  it. 

There  is  at  the  present  time  no  adequate  engineering  library  in  this 
country.  There  is  no  place  where  a  person  engaged  in  any  investigation 
covering  a  considerable  ground  can  find  a  collection  of  books  which  is 
even  respectable  upon  engineering  subjects.  It  strikes  me  that  this  is  a 
disadvantage  to  the  profession,  and  that  there  should  be  some  union 
among  engineers  throughout  the  length  and  breadth  of  the  land  for 
creatiug  a  library  which  would  be  adequate  to  the  needs  of  engineers. 

There  is  one  other  question  in  this  connection  which  I  think  the  com- 
mittee should  consider,  and  that  is,  that  if  a  library  is  collected,  some 
steps  should  be  taken  to  have  an  index.  If  any  one  has  taken  the 
trouble  to  examine  the  admirable  work  that  Mr.  Croes  has  done  in  in- 
dexing the  railroad  books  of  this  country,  he  will  be  convinced  of  the 
value  of  an  index  of  the  whole  library.  Such  an  index  has  this  advan- 
tage— it  is  useful  from  the  moment  it  is  commenced  ;  when  successive 
periodicals  are  indexed,  its  value  grows  as  the  work  goes  on.  I  therefore 
hope  that  the  committee  that  takes  this  matter  into  consideration  will 
take  that  branch  of  the  subject  up  at  the  same  time. 

Mr.  M.  M.  Tidd,  M.  Am.  Soc.  C.  E.— It  seems  to  me  that  a  very 
direct  way  of  attaining  the  desired  object  would  be  to  consolidate  the 
societies.  It  seems  to  me  the  height  of  folly  to  maintain  separate  organ- 
izations whose  interests  are  the  same.  I  think  if  the  societies  were  con- 
solidated it  would  consolidate  the  library. 

Mr.  M.  N.  Forney. — I  would  say  that  that  matter  has  been  discussed 
among  a  great  many  members  of  the  Society  of  Mechanical  Engineers 
and  the  Society  of  Civil  Engineers.  There  are  very  great  objections, 
however,  to  doing  that.  Birds  of  a  feather  naturally  flock  together,  and  the 
civil  engineers  have  one  feather  and  the  mechanical  engineers  have  a  some- 
what different  feather.  And,  therefore,  it  seems  to  me  that  it  will  rather 
cumber  the  project  if  that  is  entertained  at  the  present  time.  If  in  the 
future  it  should  become  desirable  to  consolidate  the  societies  in  anyway, 
it  will  come  about  naturally.  I  therefore  hope  that  that  will  not  be 
added  to  the  resolution  at  the  present  time  ;  because  I  think  it  will  be 
an  obstacle  in  the  way  of  accomplishing  the  project  at  present  iu  view. 
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Mr.  O.  E.  Michaelis,  M.  Am.  Soc.  C.  E.— I  think  that  the  gentle- 
men who  favor  this  project  are  entitled  to  have  the  matter  considered  by 
a  committee  that  probably  would  be  favorable  to  their  views.  At  the 
same  time  I  think  that  the  question  involved  is  a  very  important  one. 
It  involves  the  matter  of  consulting  with  other  societies,  and  I  think  on 
that  subject  it  should  be  submitted  to  a  vote  of  all  the  members  of  the 
Society.  I  think  we  have  some  sis  or  seven  hundred  members,  and  it 
seems  to  me  it  is  a  matter  for  letter  ballot.  I  can  see  no  objection  to  a 
committee  being  appointed  at  this  meeting  to  consider  the  subject 
purely  from  the  standpoint  of  the  American  Society  of  Civil  Engineers. 
That  committee  might  present  their  views  on  the  advisability  of  this 
step,  and  then  I  think  it  should  be  submitted  by  letter  ballot  to  all  the 
members  of  the  Society,  whether  it  be  proper  to  consult  with  other 
societies  with  a  view  of  getting  up  a  united  project.  I  think  the  com- 
mittee to  be  appointed  should  be  confined  to  consider  the  advisability  of 
the  work,  without,  however,  consulting  with  other  societies  until 
authority  has  been  given  by  means  of  a  letter  ballot . 

Mr.  M.  M.  Tidd.— I  do  not  wish  to  be  understood  as  opposing  the 
matter,  but  merely  to  suggest  that  that  might  be  part  of  the  question 
which  the  committee  should  consider.  We  have  among  us  many 
mechanical  engineers  who  take  as  much  interest  in  our  meetings  as  any 
one,  and  I  do  not  see  why  they  could  not  all  come  in  as  well  as  part  of 
them.  I  have  been  brought  up  with  both  of  them.  I  take  an  equal  in- 
terest in  both . 

Mr.  Joseph  P.  Davis.  — I  fully  agree  with  my  friend  Mr.  Forney.  I 
think  the  question  should  be  referred  to  a  committee  who  can  consider 
the  whole  subject,  and  I  think  that  committee  is  our  Board  of  Direction. 
We  have  our  President,  who  is  both  a  mechanical  engineer  and  a  civil 
engineer,  and  I  will  offer  a  resolution  that  the  whole  matter  be  referred 
to  the  Board  of  Direction.     (Seconded.) 

Mr.  H.  B.  Towne. — Before  a  vote  is  taken  on  this  question  I  wish  to 
appeal  to  the  members  to  consider  seriously  whether  it  is  wise  to  put 
this  additional  burden. on  the  Board  of  Direction.  They  have,  I  do  not 
doubt,  numerous  questions  before  them,  and  it  is  doubtful  whether,  with 
the  other  more  important  duties  that  they  have,  this  can  have  the  time 
and  attention  from  them  that  I  fully  believe  it  deserves.  The  President 
of  the  Society  is  ex- officio  member  of  all  its  committees,  and  the  com- 
mittee that  may  be  appointed  will  have  the  benefit  of  his  counsel,  and  a 
special  committee  can  surely  best  take  up  a  subject  of  this  kind  and  get 
it  in  shape  and  submit  it  to  the  Board  of  Direction  if  necessary.  But  it 
is  asking  too  much  of  the  Board  of  Direction,  it  seems  to  me,  to  require 
them  to  do  this  preparatory  work,  and  it  would  be  more  just  to  them 
and  more  just  to  the  movers  that  it  should  be  referred  first  to  a  special 
committee,  and  that  committee,  if  it  sees  fit,  can  report  primarily  to  the 
Board  of  Direction. 
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Mr.  Theodore  Cooper,  M.  Am.  Soc.  C.  E.  — I  think  it  ought  to  be 
referred  to  parties  more  independent  than  the  Board  of  Direction.  It  is 
simply  to  report  on  a  project.  We  could  afterwards  consider  the 
feasibility  of  it,  and  I  think,  for  that  reason,  we  had  better  appoint  a 
committee  who  are  independent  of  any  official  position,  and  we  can  then 
take  into  consideration  any  project. 

My  friend  Mr.  Forney  says  that  we  are  a  society  of  one  feather,  but 
the  other  societies  haven't  any  feather  at  all  so  far  as  a  library  is  con- 
cerned. How  can  we  consolidate  then  with  the  other  societies  ?  That 
would  be  consolidating  one  feather.  Can  we  make  one  feather  do  for 
three  ?  I  am  sure  that  the  Board  cannot  do  so.  But  there  may  be  other 
members  who  are  more  competent  to  do  that. 

Mr.  Edward  P.  North,  M.  Am.  Soc.  C.  E. — I  agree  fully  with  Mr. 
Cooper  in  his  idea  that  this  should  not  be  thrown  on  the  Board  of 
Direction.  I  believe,  whenever  it  is  desirable  to  have  a  thing  done,  to 
appoint  the  men  to  do  it  who  proposed  to  do  it.  The  gentlemen  who 
proposed  this  move,  and  who  started  it,  are,  it  seems  to  me,  the  men  to 
go  on  the  committee — not  the  Board  of  Direction.  With  a  good  deal 
of  respect  for  the  Board,  collectively  and  individually,  I  shall  vote 
against  Mr.  Davis's  motion. 

Mr.  Joseph  P.  Davis. — I  have  been  on  the  Board  of  Direction  for 
several  years,  and  I  have  found,  if  anything  is  done,  it  is  done  by  the 
Board  of  Direction.     However,  I  will  withdraw  my  motion. 

Mr.  O.  E.  MicHAELis. — I  rise  to  contradict  some  of  the  remarks 
which  have  been  made.  I  know  of  some  work  that  has  been  submitted 
to  committees  that  has  not  been  done  by  the  Board  of  Direction,  though 
they  might  have  done  it. 

Mr.  Joseph  P.  Davis. — The  Board  of  Direction  have  had  to  traverse 
the  work  of  Special  Committees  and  smooth  out  a  great  deal  that  has 
been  done  by  Special  Committees. 

Mr.  F.  Collxngwood,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  if  we 
are  to  have  a  fair  presentation  of  all  sides  of  the  question,  we  ought  to 
appoint  a  committee  who  will  represent  the  Society  pure  and  simple, 
and  put  in  some  members  also  who  belong  to  other  societies. 

Mr.  C.  J.  H.  Woodbury,  M.  Am.  Soc.  C.  E. — I  am  one  of  the  members 
of  the  Library  Committee  of  the  Society  of  Mechanical  Engineers,  and 
I  learn,  this  afternoon,  that,  in  response  to  a  circular  sent  out  six  weeks 
ago,  four-tenths  of  the  members  of  that  society  have  subscribed  to  a 
fund,  either  subjecting  themselves  to  an  extra  annual  payment  towards 
a  Library  Fund,  or  else  paying  a  lump- sum  of  a  considerable  amount. 
The  Mechanical  Engineers  do  have  something  of  a  library,  and  it  is 
their  intention  to  increase  it  and  to  make  it  something  of  value.  If 
there  could  be  any  possible  project  by  which  an  engineering  library  in 
New  York  could  be  increased  without  unnecessary  duplication  of 
volumes,  it  would  certainly  add  very  much  to  the  usefulness  of  such  a 
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library  to  any  engineer,  whether  he  calls  himself  a  mechanical  engineer 
or  a  civil  engineer.  You  know  the  late  Mr.  Worthington  was  once  asked 
whether  he  called  himself  a  mechanical  engineer  or  a  civil  engineer,  and 
he  replied  that  he  was  content  to  call  himself  a  puinp-maker,  and  he 
tried  to  make  good  ones. 

Mr.  Oberlin  Smith,  M.  Am.  Soc.  0.  E. — I  am  a  member  of  the 
Mechanical  Engineers'  Society,  and  I  heard  some  of  their  discussions 
regarding  library  matters.  I  decidedly  favor  this  project  to  appoint  an 
independent  committee  to  confer  with  committees  of  the  other  societies. 
The  committee  ought  to  consist  of  five  members,  I  should  think,  and 
the  suggestion  of  one  gentleman,  that  it  should  be  composed  of  men 
representing  the  general  feeling  of  the  Society,  is,  I  think,  a  good  one. 
As  to  the  question  of  having  a  great  library  in  New  York,  I  do  not 
think  there  can  be  two  sides  to  it ;  as  to  the  expense  of  duplicating 
those  books,  there  is  but  one  side  to  it — it  ought  not  to  be  done. 
Whether  the  societies  want  to  come  together  in  that  way  remains  to  be 
seen.  But  there  can  be  no  harm  in  appointing  that  committee.  It  is 
simply  appointing  a  committee  to  make  a  report,  and  then  the  whole 
thing  can  be  voted  down  if  it  is  not  approved  of. 

As  to  the  matter  of  feathers,  if  the  other  societies  come  in  with  half 
a  feather,  or  one-third,  the  whole  expense  and  value  of  those  feathers 
can  be  divided  up  pro  rata,  and  no  doubt  any  societies  that  come  in 
would  be  perfectly  willing  to  pay  their  share  in  the  new  library,  whether 
in  the  form  of  books  or  in  money. 

Mr.  William  P.  Shinn,  M.  Am.  Soc.  C.  E. — Before  the  question  is 
put  I  would  like  to  make  one  or  two  remarks,  as  the  mover  of  this  reso- 
lution, which  has  been  amended  and  re-amended  until  it  has  got  back  to 
its  original  form.  In  drafting  that  resolution,  which  I  did  with  the 
suggestions  of  Mr.  Forney,  all  other  matter  than  what  is  contained  in  it 
was  purposely  omitted,  in  order  to  confine  ourselves  to  the  discussion  of 
this  question  of  creating  a  joint  library.  Mr.  Cooper's  remarks  about 
consolidating  libraries  do  not  at  all  apply  to  this  resolution,  as  it  says 
nothing  at  all  about  consolidating  libraries.  It  srjeaks  about  devising  a 
plan  for  creating  a  joint  library,  in  which,  as  a  matter  of  course,  the 
parties  jointly  interested  will  contribute  in  some  agreed  proportion,  as 
has  been  stated,  either  in  money  or  books.  It  is  a  general  principle 
recognized  in  parliamentary  law  that  a  committee  appointed  to  consider 
any  subject  should  be  a  committee  friendly  to  that  subject,  and,  as  Mr. 
North  has  suggested,  not  a  committee  for  the  purpose  of  killing  it.  I 
have  no  preference  at  all  as  to  the  membership  of  the  committee,  but  I 
merely  wish  to  explain  the  situation. 

As  to  the  further  suggestion  that  the  best  way  is  to  consolidate  the 
societies  themselves,  gentlemen  will  certainly  see  that  is  entirely,  not 
merely,  beyond  the  range  of  the  subject  under  consideration,  but  it  is 
absolutely  out  of  the  question.     The  Institute  of  Mining  Engineers  is 
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not  a  professional  society  at  all.  This  Society  has  a  professional  stand- 
ard for  membership.  The  Institute  of  Mining  Engineers  has  no  pro- 
fessional standard,  and  consequently  it  would  be  impossible  to  consolidate 
it  with  this  Society.  All  such  suggestions  as  that  are  entirely  foreign  to 
the  question  under  consideration. 

Mr.  Henry  R.  Towne. — My  motion  is  that  the  original  motion  be 
amended  to  include  not  only  the  subject  of  a  library,  but  the  joint  ac- 
commodation of  the  societies  represented  in  the  conference. 

Mr.  Oberlin  Smith. — I  second  that  motion. 

Mr.  M.  N.  Forney. — I  hope  Mr.  Towne  will  withdraw  his  motion, 
not  because  I  feel  any  opposition  to  it,  but  because  I  think  it  will 
jeopardize  the  original  resolution. 

The  proposed  amendment  was  not  carried. 

The  original  resolution  as  stated  aboYe  was  then  carried. 
After  a  request  from  the  Chairman  that  members  should  present  any 
business  that  they  might  desire  to  bring  up,  none   being  presented,  the 
Annual  Meeting  adjourned. 

Detailed  descriptions  were  then  given,  illustrated  by  drawings  of  the 
works,  which  it  was  proposed  to  visit  on  the  next  day. 

Thursday,  January  22. — The  members  met  at  the  Society  House  at 
9  o'clock,  and  thence  went  to  the  New  York  station  of  the  Consolidated 
Gas  Company,  at  the  foot  of  East  Twenty-first  street,  where,  by  invita- 
tion of  that  company,  tendered  through  Mr.  T.  F.  Rowland,  M.  Am. 
Soc.  C.  E.,  the  works  were  inspected,  and  the  latest  improvements  in 
the  manufacture  of  Illuminating  Gas  by  the  Decomposition  of  Water, 
were  explained.  An  engraving,  illustrating  the  processes,  writh  a  printed 
description,  was  handed  to  each  member  of  the  party. 

A  steamboat,  furnished  by  the  kindness  of  Mr.  T.  F.  Rowland,  was 
then  taken  at  the  foot  of  East  Twenty -first  street,  and  proceeded  through 
the  East  River  to  Dow's  Stores,  at  the  foot  of  Pacific  street,  Brooklyn, 
where,  by  invitation  of  the  owners  and  lessees  of  the  stores,  tendered 
through  Mr.  George  B.  Mallory,  M.  Am.  Soc.  C.  E.,  an  inspection  was 
made  of  the  Grain  Elevators  and  Distributors  and  of  the  Transmission 
of  Power  by  swift-running  Wire  Rope. 

Taking  the  steamer  again,  the  party  proceeded  to  Pier  number  One, 
North  River,  and  to  the  Washington  Building,  No.  1  Broadway.  An 
inspection  was  made  of  that  building  and  of  the  extended  view  from  its 
roof,  and  afterwards,  by  invitation  of  Cyrus  W.  Field,  Esq.,  the  mem- 
bers of  the  Society  took  lunch  with  him  in  the  Washington  Building. 

After  lunch  the  party  proceeded  to  the  Produce  Exchange,  where, 
under  the  escort  of  the  Building  Committee  and  of  George  B.  Post,  Esq., 
the  architect  of  the  building,  it  was  examined.  The  very  complete  ele- 
vator service  of  this  building  was  inspected,  and  was  described  by  Mr. 
Thomas   E.  Brown,  M.  Am.   Soc.  C.  E.,  the  engineer  in  charge   of  its 
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construction.  Each  member  of  the  party  was  furnished  with  a  printed 
description  of  these  elevators  illustrated  by  drawings. 

Again  taking  the  boat,  the  party  proceeded  to  the  New  York  pier  of 
the  New  York  and  Brooklyn  Bridge,  inspected  the  masonry  of  the  New 
York  approach,  and  then,  crossing  the  bridge,  inspected  the  details  of 
the  cable  machinery.  There  were  furnished  to  the  party  a  printed 
memoranda  of  the  important  details  and  dimensions  of  the  bridge,  and 
also  drawings,  showing  the  fluctuation  of  travel  at  particular  hours  of 
the  day;  showing  the  horse-power  expended  in  the  transportation  of 
cars,  and  showing  also  the  disposition  of  the  cable  machinery.  Return- 
ing to  the  New  York  side,  the  party  proceeded  by  the  Elevated  Railway 
to  the  Central  Station  of  the  United  States  Electric  Illuminating  Com- 
pany, at  36  Stanton  street,  where,  by  invitation  of  the  officers  of  that 
company,  the  very  large  electric  light  apparatus  was  examined. 

In  the  evening  a  reception,  with  supper,  was  held  at  the  Society 
House.  During  the  evening  the  following  communication  was  read 
from  Mr.  Squire  Whipple,  Hon.  M.  Am.  Soc.  C.  E. : 

Albany,  January  21st,  1885. 

To  the    Committee   of  Arrangements  for  the  Annual  meeting  of  the  Am. 

Soc.  C.  E. : 

Dear  Bogart,  Collingwood  and  Stauffer, 
What's  life,  but  be,  and  do,  and  suffer  ? 
And  what  avail  the  other  two 
To  one  ayont  the  power  to  do  ? 
I've  doffed  the  armor,  left  the  field, 
With  all  the  triumphs  it  may  yield, 
To  those  a  half  a  cent'ry  younger, 
Who  still  for  fame  and  fortune  hunger  ; 
With  clearer  brain  and  stronger  muscle    , 
'Gainst  obstacles  to  tug  and  tussle. 
I've  had  my  day,  nor  wish  another, 
With  meager  fun,  and  mickle  pother. 

Still,  doubt  you  not  a  single  minute, 
There's  glory  yet  for  those  who  win  it. 
Grade  up  your  valleys,  pierce  your  mountains, 
Sink  your  mines  and  dam  your  fountains  ; 
Cut  down  your  hills  and  bridge  your  rivers 
With  cables,  trusses,  cantilevers. 
Let  nothing  daunt,  let  nothing  stagger  ye, 
From  Tehuantepec  to  old  Niagara. 
Let  every  town  have  wholesome  water, 
And  chloroform  the  beasts  they  slaughter. 

If  ocean  bars  arise  to  fret  ye, 
Bold  Eads  can  move  them  with  a  jetty  ; 
Or  wed  Atlantic  to  Pacific 
With  iron  bands  quite  scientific. 
And,  when  you  need  electric  medicine, 
Just  call  on  Bell,  or  Brush,  or  Edison. 
Each  knows  full  well  which  end  his  head  is  on. 
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But,  if  you've  news  'cross  seas  to  wire  us, 
You'd  better  leave  the  Field  to  Cyrus. 
And,  when  we  think  of  deeds. ennobling, 
Who'd  e'er  forget  the  name  of  lioebling  ? 

But  rhyming's  not  my  avocation, 
And  but  for  this  unique  occasion 
I  never  should  have  once  attempted 
To  pump  a  brain  so  quickly  emptied  ; 
And,  if  the  folly  jou '11  excuse, 
Of  this  attempt  to  court  the  Muse, 
You  may  depend  that  old  S.  W. 
No  more  will  thus  presume  to  trouble  you. 

Upon  the  invitation  of  the  President  of  the  Society,  Mr.  Horatio 
Allen,  past  President  and  Hon.  M.  Am.  Soc.  C.  E.,  addressed  the 
Society  as  follows  : 

Mr.  Horatio  Allen,  Hon.  M.  Am.  Soc.  C.  E. — Mr.  President — 
At  a  meeting  of  this  Society,  very  much  of  the  character  of  that  of  this 
evening,  but  so  long  back  that  it  may  be  that  there  is  no  one  who  hears 
me  now  heard  me  then,  I  was  led,  by  remarks  addressed  to  me,  to  refer 
to  some  of  the  early  incidents  of  railroad  history.  What  I  said  was 
followed  by  a  resolution,  carried  by  acclamation,  that  I  should  commit 
to  paper  my  reminiscences  of  that  early  period.  At  the  meeting  of  the 
following  year  inquiry  was  made  as  to  the  resolution,  to  which  I  made 
answer  that  "  No  resolution  had  been  transmitted  to  me  by  the  Sec- 
retary." An  answer,  I  have  to  admit,  neither  respectful  to  the  Society 
nor  just  to  the  Secretary. 

Perhaps  a  better  answer  would  have  been,  that  there  was  so  much  in 
the  reminiscences  that  was  of  personal  character  that  it  was  quite  as 
well  to  leave  them  for  the  after-dinner  hour.  Be  that  as  it  may,  now  at 
this  late  day,  when  the  interest  toothers  maybe  less,  as  it  certainly  is  to 
me.  I  come  in  mid-winter  from  foreign  parts  to  say,  at  nearly  midnight, 
that  the  matters  of  railroad  history  then  referred  to  are  now  in 
print,  and,  that  if  acceptable  to  the  Society,  some  three  or  four  hun- 
dred copies  of  the  pamphlet  bearing  title,  "The  Railroad  Era  ;  First 
Five  Years  of  Its  Development  "  (Horatio  Allen,  New  York),  will  be 
sent  to  the  House  of  the  Society,  for  issue  as  found  advisable. 

In  explanation  of  the  printing  of  this  i^auqjhlet,  I  refer  to  the  sen- 
tences that  precede  the  first  page  of  the  pamphlet,  which  read  as 
follows : 

"The  article  that  follows  had  its  origin  in  my  having  accepted  the 
special  invitation  of  the  Commissioners  of  the  '  National  Exposition  of 
Bad  way  Appliances,'  to  be  held  in  Chicago  in  June,  1883,  to  visit  the 
exhibition,  and  at  the  appropriate  time  present  such  reference  to  early 
railroad  development  as  circumstances  permitted.  My  friends  of  the 
'Railroad  Gazette'  informed  me  that  in  such  event  they  would  have 
stenographic  notes  taken  for  a  report  that  would  appear  in  their  paper. 
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"  When  the  time  came,  circumstances  did  not  permit  so  full  a  presen- 
tation as  the  subject  called  for,  and  on  the  receipt  of  the  report  pre- 
pared for  the  '  Gazette  '  I  decided  to  make  it  more  complete,  and  that 
what  was  thus  summarily  presented  might  meet  the  eyes  of  many  to 
whom  it  would  be  of  interest  in  this  Ian  J,  where  the  railroad  era  has 
perhaps  its  greatest  development,  to  have  it  also  before  the  public  in 
pamphlet  form. 

' '  Horatio  Allen. 
"Homewood,  South  Orange,  N.  J." 

After  the  pamphlet  was  in  print  and  only  a  few  copies  had  been  sent 
to  personal  friends,  I  was  led,  for  reason  not  necessary  to  state,  not  to 
send  out  any  more. 

A  few  months  back,  when  that  reason  no  longer  had  weight  with 
me,  a  friend  in  London  sent  me  a  "Blue  Book,"  published  by  the 
British  Government,  containing  a  report  on  the  Pennsylvania  Railroad, 
and  preceded  by  a  reference  to  the  early  action  as  to  railroads  in  the 
United  States,  so  incomplete  and  inaccurate  that  more  information  as 
to  that  early  period  was  felt  to  be  necessary,  and  that  it  was  certainly  of 
interest  to  us  of  the  United  States,  that  some  account  more  complete 
and  more  accurate  should  be  within  knowledge  of  the  public. 

To  that  end,  I  addressed  a  note  to  the  Secretary  of  this  Society  say- 
ing that  I  intended  to  have  the  pleasure  of  attending  the  next  Annual 
Meeting  of  the  Society,  and  of  making  that  presentation  and  adding 
some  remarks. 

If  the  opportunity  of  making  the  remarks  had  occurred  earlier  in 
the  evening  they  would  have  had  reference  to  some  of  the  Civil  Engineer 
workers  of  that  day— such  men  as  George  Stephenson,  Jesse  Hartley,  of 
the  Liverpool  Docks,  James  Walker,  of  London,  with  whom  I  had  the 
pleasure  and  benefit  of  an  intimate  personal  knowledge. 

It  has  been  my  good  fortune  in  a  life  in  the  sister  avocations  of  Civil 
and  Mechanical  Engineering  to  have  been  early  in  the  field  in  the  two 
great  eras  of  this  century — the  transportation  by  steam  across  continents 
from  ocean  to  ocean,  and  the  transportation  by  steam  across  oceans 
from  continent  to  continent,  and  have  taken  some  part  in  each ;  and  I 
greatly  regret  that  I  have  not  been  a  note- taker.  The  record  of  in- 
cidents and  occurrences  and  of  anticipations  would  have  been  of  more 
interest,  and,  as  matter  of  testimony,  of  more  weight,  than  a  reference 
after  the  facts  named,  as  anticipated,  have  occurred. 

Gentlemen,  many  of  you  are  or  are  to  be  workers  in  another  era,  the 
era  of  electricity,  with  which  I  have  had  little  to  do,  though  I  was 
one  of  the  earliest  to  whom  Henry,  then  of  Albany,  showed  his  first 
experiments,  the  germ  of  so  much  that  has  taken  place  since,  and  the 
end  is  not  yet. 
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The  members  of  the  Society,  138  in  number,  present  at  the  Annual 
Meeting,  excursions,  etc.,  were:  Julius  W.  Adams,  Horatio  Allen, 
Edward  R.  Andrews,  John  W.  Bacon,  Fred.  H.  Baldwin,  Arthur  Beards- 
ley,  L.  F.  Beckwith,  George  H.  Bishop,  H.  Bissell,  H.  D.  Blunden, 
John  Bogart,  Alfred  P.  Boiler,  William  F.  Booth,  Fred.  Brooks,  Charles 
O.  Brown,  Thomas  E.  Brown,  Jr.,  George  H.  Browne,  Charles  B.  Brush, 
L.  L.  Buck,  Frank  A.  Calkius,  Robert  Cartright,  N.  Cheney,  Thomas  C. 
Clarke,  Francis  Collingwood,  Alfred  G.  Compton,  Casimir  Constable, 
Theodore  Cooper,  O.  H.  P.  Cornell,  J.  James  R.  Croes,  J.  Foster  Crow- 
ell,  Charles  G.  Darrach,  Joseph  P.  Davis,  P.  P.  Dickinson,  James  B. 
Eads,  Thomas  Egleston,  Charles  E.  Emery,  M.  T.  Endicott,  L.  P.  Evans, 
John  W.  Ferguson,  Samuel  J.  Fields,  Albert  Fink,  Clark  Fisher,  M.  N. 
Forney,  George  H.  Frost,  Frank  L.  Fuller,  E.  L.  B.  Gardiner,  Martin 
Gay,  Charles  E.  Goad,  Bryant  Godwin,  Frederic  Graff,  William  H. 
Grant,  Samuel  M.  Gray.  George  S.  Greene,  Jr.,  A.  R.  Haddock,  Stephen 
S.  Haight,  William  G.  Hamilton,  S.  A.  Harrison,  William  J.  Haskins, 
Sullivan  Haslett,  Charles  H.  Haswell,  Clemens  Herschel,  Albert  B.  Hill, 
W.  E.  Hill,  John  Houston,  Frauk  H.  Howes,  Charles  W.  Hunt,  William 
R.  Hutton,  S.  J.  Johnson,  George  A.  Just,  Walter  Katte,  William  E. 
Kelly,  Joseph  M.  Knap,  Gustav  Lehlb  ich,  G.  Leverich,  A.  W.  Locke, 
Thomas  J.  Long,  Gorham  P.  Low,  Charles  Macdonald,  William  W. 
Maclay,  John  MacLeod,  Edward  E.  Magovern,  C.  C.  Martin,  George  B. 
Mallory,  William  J.  McAlpine,  Thomas  C.  McCollom,  D.  E.  McComb, 
George  W.  McNulty,  William  Metcalf,  Thomas  C.  Meyer,  O.  E.  Mi- 
chaelis,  George  S.  Morison,  Charles  Neilson,  W.  A.  Nichols,  George  H. 
Norman,  Edward  P.  North,  F.  O.  Norton,  E.  B.  Noyes,  F.  S.  Odell,  L. 
F.  Olney,  S.  B.  Opdyke,  John  F.  O'Rourke,  James  Owen,  A.  B.  Paine, 
William  H.  Paine,  Henry  W.  Parkhurst,  John  A.  Partridge,  P.  A.  Peter- 
son, H.  W.  B.  Phinney,  Joseph  R.  Richards,  Thomas  F.  Rowland, 
George  M.  Rusling,  C.  C.  Schneider,  Alfred  F.  Sears,  William  H.  Searles, 
William  P.  Shinn,  R.  I.  Sloan,  Hamilton  Smith,  Jr.,  T.  Guilford 
Smith,  Lucius  A.  Smith,  Oberlin  Smith,  J.  F.  Sorzano,  D.  McN. 
Stauffer,  Frank  S.  Stevens,  Cook  Talcott,  M.  M.  Tidd,  Stevenson  Towle, 
Henry  R.  Towne,  Alfred  W.  Trotter,  John  G.  Van  Home,  E.  B.  Van 
Winkle,  Charles  D.  Ward,  F.  W.  Watkins,  A.  M.Wellington,  Edmund 
B.  Weston,  William  H.  Wiley,  William  W.  Wilson,  C.  J.  H.  Woodbury 
and  William  E.  Worthen. 
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OF  THE  BOARD  OF  DIRECTION. 

January  7th,  1885. — Applications  were  considered.  The  Annual 
Report  was  discussed. 

January  14th,  1885.  —Applications  were  presented.  Action  was  taken 
as  to  preparation  of  form  of  notice  of  applications  under  the  provisions 
of  the  recently  amended  By-laws.  The  Secretary  presented  final  draft 
of  Annual  Report,  which  was  considered ,  revised  and  adopted.  Arrange- 
ments were  considered  as  to  the  Annual  Meeting.  Financial  business 
was  transacted.  Letters  inviting  the  Society  to  hold  its  Convention  in 
London,  in  1886,  were  presented  and  directed  to  be  read  at  the  Annual 
Meeting.     The  following  report  was  presented: 


Report  of  Committee  to  inquire  into  the  practicability  of  the 
American  Socikty  of  Ctvtl  Engineers,  taking  part  in  the  Inter- 
national Inventions  Exhibition  to  be  held  in  London,  England," 
in  1885. 

The  committee  has  the  honor  to  report  that,  having  discussed  the 
question  of  the  Society  taking  part  in  this  Exhibition,  it  is  of  the  opinion 
that  such  participation  would  not  be  desirable. 
January  7th,  1885. 

Thomas  C.  Clarke, 
M.  N.  Forney, 
C.  C.  Schneider, 
Edward  P.  North, 
L.  L.  Buck, 


The  report  was  accepted  and  adopted. 


Committee. 


January  23d,  1885. — In  accordance  with  the  provisions  of  the  Consti- 
tution, the  following  Standing  Committees  were  appointed  : 

On  Finance:  Messrs.  G.  S.  Greene,  Jr.,  William  R.  Hutton,  O. 
Chanute. 

On  Library:  Messrs.  J.  J.  R.  Croes,  T.  J.  Whitman,  Theodore 
Cooper. 
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ANNUAL  REPORT. 


REPORT   OF   THE   BOARD   OF   DIRECTION    FOR    THE   YEAR 
ENDING  DECEMBER  31,  1884. 


Presented  and  Accepted  at  the  Annual  Meeting,  January  21st,  1885. 


The  Board  of  Direction,  in  compliance  with,  tbe  provisions  of  the 
Society  law,  presents  its  report  for  the  year  ending  December  31st, 
1884. 

Membership. 

As  shown  by  the  tabular  statements  hereafter  given,  there  has  been 
during  the  year  an  addition  of  111  to  the  various  classes  of  Society 
membership,  including  two  subscribers  to  tbe  Building  Fund  not  other- 
wise connected  with  the  Society.  In  this  nominal  addition  of  111  there 
are  1  former  Associate,  transferred  to  Member,  9  former  Juniors, 
transferred  to  Members,  and  1  former  subscriber  to  the  Building 
Fund,  who  has  during  the  year  become  a  Member  of  the  Society. 
Therefore  the  actual  new  additions  to  the  Society  membership  during  the 
year  have  numbered  exactly  100. 

The  losses  from  Society  membership  have  been  17,  being  11  by  death 

and  6  by  resignation.      The   number  of  persons   now    connected  with 

the  Society  is  878,  being  83  greater  than  at  the  end  of  the  previous  year. 

The  actual  net  increase  during  the  year  and  the  present  total  in  each 

class  of  membership  are: 

Honorary  Members,          increase  during  year    1     Total 10 

Corresponding  Members,       "                     "          ..          "    3 

Members,                                 "                   "        68        "    G57 

Associates,                                  "                     "           3         "    34 

Juniors,                                      "                     "         10         "    77 

82  781 

Fellows,  not  included  above,  "  "         . .         "    57 

82  838 

Subscribers  to  Building  Fund,  not  included 

above,  increase  during  year 1         "    40 

Increase  during  year 83         "    878 
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This  addition  of  100  new  names  to  the  Society  membership  during 
the  year,  and  also  the  net  increase  of  83  in  membership,  is  greater  than 
has  occurred  in  any  previous  year  in  the  history  of  the  Society. 

Tables  showing  the  classification  of  membership  at  the  beginning  of 
the  year  and  the  changes  during  the  year  are  given  in  a  subsequent  part 
of  this  report. 

The  Annual  Convention. 

The  Annual  Convention  was  held  at  the  City  of  Buffalo,  June  10th 
to  13th  of  the  past  year.  The  attendance  of  those  belonging  to  the  So- 
ciety numbered  209,  and  a  large  number  of  the  ladies  of  the  families  of 
members  accompanied  them  on  the  occasion.  A  detailed  report  of  the 
Convention  has  been  published  in  the  Proceedings  of  the  Society  for 
June.  The  Local  Committee  at  Buffalo  was  active  in  perfecting  the  ar- 
rangements, and  the  Convention  was  interesting  and  memorable  in  many 
respects.  A  peculiar  feature  was  the  preparation  of  a  handsome  sou- 
venir, made  under  the  direction  of  the  Local  Committee,  a  copy  of 
which  was  presented  to  each  member  in  attendance.  The  volume  was 
entitled  "Some  Things  In  and  About  Buffalo;  a  Souvenir  of  the  Annual 
Convention  of  the  American  Society  of  Civil  Engineers."  It  was 
printed  in  colors,  on  heavy  paper,  and  illustrated  by  photographic  views 
of  points  of  particular  interest  in  and  about  Buffalo.  The  cover  was 
illuminated  and  the  volume,  in  all  respects,  artistic  and  beautiful. 

The  hospitality  of  the  citizens  of  Buffalo,  on  this  occasion,  is  par- 
ticularly acknowledged.  Excursions  for  the  purpose  of  enabling  visitors 
to  examine  matters  of  engineering  interest  in  that  vicinity,  and  also  for 
the  purpose  of  making  them  acquainted  with  the  citizens  of  Buffalo, 
were  provided  and  excellently  managed.  Visits  were  made  to  Niagara 
Falls  and  to  Chautauqua  Lake. 

By  the  invitation  of  the  officers  of  the  New  York,  West  Shore  and 
Buffalo  Railway  Company,  and  the  New  York,  Ontario  and  Western 
Railway  Company,  tendered  through  Mr.  E.  L.  Corthell,  M.Am.  Soc. 
C.  E.,  Chief  Engineer  of  the  New  Yoik,  West  Shore  and  Buffalo  Rail- 
way Company,  all  members  with  their  families,  who  were  able  to  do  so, 
took  part  in  an  excursion  over  those  roads  from  New  York  to  Buffalo 
on  the  day  previous  to  the  Convention,  and  returned  from  Buffalo  to 
New  York  on  the  day  succeeding  the  Convention.  This  excursion  was 
very  interesting  and  comfortable,  and  greatly  enjoyed  and  appreciated 
by  all  who  took  part  in  it. 

Futube  Conventions. 

The  increased  attendance  at  the  Annual  Conventions  and  the  great 
influence  upon  the  welfare  of  the  Society,  which  it  is  believed  these 
Conventions  have  exercised  in  the  past,  and  will,  if  properly  managed, 
exercise  in  the  future,  has  led  the  Board,  in  common  with  many  other 
members  of  the  Society,  to  consider  with  much  care  whether  it  would 
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not  be  well  to  make  different  arrangements  in  some  respects,  under  the 
circumstances  which  exist.  The  subject  has  been  discussed  at  meetings 
of  the  Society;  has  been  considered  by  a  committee  and  by  the  Board, 
and  the  views  of  the  committee  and  the  Board  have  been,  both  as  to  the 
management  of  the  Conventions  and  as  to  the  presentation,  reading  and 
discussion  of  papers,  embodied  in  circulars,  which  have  been  mailed 
some  time  since  to  our  members,  and  which  are  as  follows: 

In  view  of  the  fact  that  a  number  of  members  of  the  Society  have 
expressed  the  opinion  that  our  Conventions  have  not  been  giving  satis- 
factory results,  and  particularly  that  the  number  of  days  to  which  they 
are  necessarily  limited  does  not  give  sufficient  time  for  all  that  has  been 
attempted;  and  in  view  also  of  the  fact  that  the  Board  has  been  partic- 
ularly requested  to  consider  whether  some  modifications  might  not  be 
properly  made  in  the  conduct  of  the  Conventions,  the  following  consid- 
erations are  presented  by  the  Board  to  our  members: 

These  considerations  are  in  harmony  with  a  report  prepared  by  a 
committee  of  members  of  the  Society  appointed  to  consider  the  subject. 

It  has  been  evident  to  those  who  have  attended  the  Conventions  of 
the  last  few  years  that  some  modification  should  be  made,  if  the  best  re- 
sults, which  are  believed  to  be  practicable,  are  to  be  hereafter  secured. 

Some  of  the  undesirable  features  are: 

(1.)  The  entirely  too  limited  time  given  to  the  presentation  and  dis- 
cussion of  professional  papers. 

(2.)  The  entirely  too  large  amount  of  time  taken  up  in  local  excur- 
sions and  visits  by  the  whole  body  of  the  Convention  to  points  and  ob- 
jects which  are  not  really  of  general  interest. 

(3.)  The  feeling  of  obligation  which  arises  from  the  fact  that  mem- 
bers, resident  at  the  place  of  the  Convention,  have  raised  large  sums  of 
money  through  contributions  from  themselves,  and  from  other  persons 
generally  interested  in  engineering,  or  desiring  that  the  Society  should 
enjoy  its  visit;  and,  in  this  connection,  the  feeling  that  the  money  must 
be  spent  in  providing  the  excursions  alluded  to,  and  in  furnishing  enter- 
tainments which  are  of  a  more  elaborate  character  than  is  requisite  for 
the  entire  enjoyment  of  the  members  and  visitors. 

All  of  these  considerations  are  interdependent ;  they  have  arisen 
from  no  special  fault  on  the  part  of  any  who  have  been  active  in  pro- 
moting past  Conventions;  but  the  feeling  that  a  change  ought  to  be 
made  certainly  exists,  and  certainly  should  be  considered. 

It  is  suggested  that  an  entirely  new  method  of  holding  our  Conven- 
tions may  be  tried  with  sufficient  promise  of  success  to  warrant  the  ex- 
periment, and  this  new  method,  in  general  terms,  may  be: 

To  hold  a  Convention  not  at  any  large  city,  nor  upon  the  invitation 
of  local  members;  but  to  secure,  if  possible,  a  place  where  all  can  be 
accommodated  in  a  proper  way,  and  where  the  Convention  can  be 
arranged  and  managed  entirely  with  reference  to  the  best  assurance  of 
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carrying  out  the   objects   which  make  it  desirable  that  Conventions 
should  be  held.     It  is  suggested  that  these  objects  are  : 

(a.)  The  presentation,  consideration  and  undisturbed  discussion  of 
professional  subjects. 

(b. )  The  opportunity  for  free  intercourse  between  members  of  the 
Society  gathering  at  our  Conventions  from  all  parts  of  the  United 
States,  and,  in  fact,  of  the  world. 

(c  )  Such  opportunities  for  social  recreation  as  may  not  interfere  with, 
but  rather  aid  the  other  two  objects  mentioned  above. 

It  is  suggested  that  the  Convention  can  be  held  at  some  large  hotel, 
preferably  not  in  a  city.  Those  who  were  present  at  the  St.  Paul  and 
Minneapolis  Convention  of  last  year  will  remember  the  Hotel  Lafayette, 
at  Lake  Minnetonka.  There  are  other  hotels  in  other  parts  of  the  coun- 
try fully  as  large,  and  located,  many  of  them,  in  delightful  situations. 
Doubtless,  a  committee  of  the  Board  of  Direction  can  find  such  a  loca- 
tion and  can  secure  ample  accommodations  on  reasonable  terms,  where 
all  the  requisites  for  comfortable  meetings  can  be  had,  where  the  oppor- 
tunity will  be  afforded  for  pleasant  intercourse,  and  where  no  calls  will 
be  made  upon  the  members  which  will  interfere  either  with  the  profes- 
sional or  social  enjoyment  of  the  occasion. 

Some  of  our  members  who  have  discussed  this  subject  have  already 
made  inquiries  and  have  found  several  such  places.  With  proper  ar- 
rangements, the  meetings  of  the  Society  during  the  Convention,  held  in 
such  a  hotel,  would  give  ample  time  for  entirely  free  and  uninterrupted 
discussion.  The  classification  of  papers  and  subjects,  as  suggested  in  a 
circular  accompanying  this,  could  be  made  to  add  largely  to  the  interest 
of  discussions.  The  hours  not  devoted  to  meetings  would  give  excellent 
opportunities  for  the  more  intimate  acquaintance  of  our  members  with 
each  other.  Every  provision  could  be  made  for  the  comfort  of  the  mem- 
bers and  their  families  without  interfering  with  the  other  objects  of  the 
Convention. 

It  is  suggested  that  the  experiment  be  tried,  and  that  the  Board  of 
Direction  be  authorized  to  secure  such  provisions  for  the  next  Conven- 
tion as  have  been  outlined  above. 

The  Board  asks  for  this  subject  the  earnest  consideration  which  its  great 
importance  to  the  welfare  of  the  Society  demands. 

A  blank  form  for  the  return  of  the  views  of  members  is  sent  herewith, 
and  it  is  particularly  requested  that  these  be  filled  out  and  forwarded  to 
the  Secretary.  The  replies  will  be  reported  to  the  Annual  Meeting, 
when  the  subject  will  be  considered. 

Peoposed  Beguiations  as  to  the  Pcesentation,  Beading  and  Discus- 
sion of  Papers  at  Conventions. 
Members  of  the  Society  to   be  informed   that  papers   submitted  for 
reading  at  any  Annual  Convention  should  be  in  the  hands  of  the  Secre- 
tary at  least  40  days  before  the  date  of  such  Convention. 
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Members  also  to  be  informed  that  papers  which  are  not  received  in 
time  to  conform  to  tbis  rule  can  only  take  the  chance  of  being  presented 
to  the  Convention  after  the  reading  and  discussion  of  the  papers  which 
have  been  so  submitted. 

When  papers  are  received  in  accordance  with  this  regulation,  and 
have  been  accepted  by  the  committee  for  presentation,  the  Secretary  to 
have  concise  abstracts  made  of  each  paper,  and  to  mail  these  abstracts 
to  each  member  of  the  Society,  with  a  request  that  discussion  be 
prepared,  and  also  that  each  member  who  is  willing  and  desirous  to 
take  part  in  the  discussion  shall  so  inform  the  Secretary.  More  detailed 
information  as  to  a  particular  paper  may  be  furnished  to  members 
desiring  to  discuss  it. 

In  preparing  the  programme  for  the  Convention,  the  papers  to  be 
classified,  so  that  as  far  as  practicable  definite  classes  of  subjects  may 
be  considered  at  the  same  time,  and  notices  of  this  classification,  and  of 
the  times  when  particular  subjects  are  to  be  considered,  to  be  prepared 
and  posted.  The  discussions  upon  particular  subjects  and  papers  to  be 
opened  by  members,  in  an  order  to  be  designated  by  the  Chairman  of 
the  Convention,  and  afterwards  the  discussion  to  be  general. 

A  committee,  to  be  appointed  by  the  Board,  of  members  who  are  to 
be  present  at  the  Convention,  which  committee  will  aid  the  Secretary 
in  arrangements  for  the  presentation  and  discussion  of  papers,  and  in 
perfecting  other  requisite  details  for  the  Convention. 

A  large  number  of  replies  to  these  circulars,  received  from  the  mem- 
bers of  the  Society,  will  be  presented  at  the  Annual  Meeting,  and  the 
whole  subject  may  be  considered. 

Meetings  op  the  Society. 

The  regular  meetings  of  the  Society  during  the  past  year  have  been 
well  attended.  The  Board  is  glad  to  say  that  the  number  of  members 
of  the  Society  not  resident  in  New  York  who  have  found  it  possible  to 
be  present  at  these  meetings  has  been  large.  An  experiment  has  been 
tried,  at  the  suggestion  of  some  of  the  members,  of  providing,  on  the 
occasion  of  the  meetings  on  the  first  of  each  month,  a  collation  after  the 
meetings,  in  order  that  pleasant  opportunity  for  conversation  should  be 
given.  The  result  of  the  experiment  seems  to  be  satisfactory.  These 
collations  are,  of  course,  not  jiaid  for  from  funds  of  the  Society,  but  are 
provided  by  the  voluntary  subscription  of  resident  members. 

Becokd  of  Meetinhs. 

Since  the  Convention,  the  Secretary  has  prepared  a  record  of  each 
meeting,  stating  the  business  done,  and  also  giving  an  abstract  of  the 
papers  read.  These  records  have  been  printed  and  issued  to  all  the 
members  of  the   Society.     This  has  been  done  to  supply  a  want  which 
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has  been  much  felt  of  a  means  for  giving  to  the  members  generally,  in- 
formation as  to  what  is  done  at  the  meetings,  and  also  for  giving  abstracts 
of  the  papers  read,  that  our  members  might  be  made  acquainted  with 
the  subjects  considered,  and  that  they  might  have  the  opportunity  of 
discussing  these  subjects.  It  has  been  found  impossible  to  issue  the 
ordinary  transactions  of  the  Society  with  the  regularity  of  a  monthly 
magazine.  The  Society  is  dependent  upon  its  members  for  the  papers 
published  in  the  Transactions.  The  management  is  unable  always  to 
secure  the  issue  of  these  papers  with  absolute  regularity,  and  while  the 
twelve  numbers  can  be  issued  in  a  year,  and  the  proper  number  of  pages 
can  be  prepared,  it  is  believed  that  the  issue  of  the  records  of  meetings 
referred  to  will  enable  the  direction  to  increase  the  value  of  the  Trans- 
actions, and  at  the  same  time  give  to  the  members  the  information  which 
heretofore  has  been  only  obtainable  from  the  monthly  number.  The 
experiment  has  already  been  successful  in  securing  the  presentation, 
through  these  abstracts,  of  considerable  discussion.  More  detailed  in- 
formation, as  to  the  contents  of  any  paper  than  can  be  properly  con- 
densed in  an  abstract,  can  always  be  given  to  persons  desiring  to 
discuss  it. 

Transactions. 
The  issue  of  Transactions  has  been  alluded  to  above.     All  the  earlier 
numbers  are  now  in  stock,  and  can  be  supplied  to  any  persons  desiring  to 
complete  their  volumes.     The  demand  for  early  numbers  has  warranted 
the  Direction  in  Laving  those  reprinted  which  were  out  of  print. 

House  of  the  Society. 

The  value  to  the  Society  of  the  ownership  of  its  House  becomes  more 
evident  every  year.  Situated  where  it  is  convenient  as  regards  ease  of 
access,  both  from  the  business  parts  of  the  city  and  from  the  residence 
portion ;  easily  approached  by  the  various  lines  of  street  ways  in  its  imme- 
diate vicinity,  and  particularly  convenient  to  non-resident  members,  on 
account  of  its  proximity  to  many  hotels,  it  has  been,  during  the  past 
year,  used  very  much  more  than  have  the  rooms  of  the  Society  at  any 
previous  time.  The  Library  is  increasing  constantly,  and  the  accommo- 
dation always  prepared  for  the  use  of  the  House  by  members,  either  for 
reading,  correspondence  or  consultation,  seems  to  be  highly  valued. 
Members  often  meet  here  other  engineers  from  all  parts  of  the  world. 

The  Board  of  Direction  reminds  the  members  that  this  House  has 
been  bought,  and  that  all  the  money  which  has  been  so  far  paid  for  it 
has  been  provided,  entirely  apart  from  the  funds  of  the  Society.  No 
money  has  been  expended  upon  the  property,  except  that  which  has 
been  voluntarily  subscribed  for  the  building  fund.  The  state  of  this 
fund  and  the  total  amount  of  subscriptions  are  shown  by  the  Treasurer's 
report.      The  property  is  substantially  half  paid  for;  every  payment, 
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reducing  the  mortgage  upon  the  House,  reduces  the  rental  which  the 
Society  has  to  pay,  and  the  value  to  the  Society  of  subscriptions  to  this 
fund,  and  the  desirability  of  additional  subscriptions,  is  particularly 
commended  by  the  Board  to  the  attention  of  members.  A  number  of 
the  subscriptions  made  so  far  have  been  by  persons  not  members  of  the 
Society,  but  interested  more  or  lt^ss  generally  in  engineering.  It  is 
believed  that  if  our  members  would  commend  this  subject  to  the 
attention  of  such  persons,  the  fund  might  be  greatly  increased. 

The  Fellowship  Fund. 

But  one  subscription  has  been  received  during  the  past  year  to  the 
Fellowship  Fund.  The  income  of  this  fund  is  devoted  to  the  publica- 
tions of  the  Society.  The  election  as  a  Fellow  gives  to  gentlemen,  not 
otherwise  connected  with  the  Society,  the  advantage  of  receiving  its 
publications  and  of  participating  in  all  the  privileges  of  the  Society 
except  the  right  to  vote.  An  increase  in  the  number  of  Fellows  is 
desirable,  and  this  form  of  association  with  the  Society  may  be  found 
particularly  agreeable  to  many  gentlemen  who  might  not  desire  or  be 
eligible  for  other  classes  of  membership. 

The   Library. 

There  have  been  1  410  additions  to  the  Library  of  the  Society  during 
the  past  year,  and  there  are  at  present  over  15  000  separate  numbers  in 
the  Library.  Its  value  as  a  library  of  reference  is  increasing  constantly, 
and  the  attention  of  our  members  is  again  particularly  called  to  the 
great  aid  which  may  be  given  to  engineers  by  additions  to  this  Library. 
Early  and  current  reports  upon  all  engineering  works,  municipal,  rail- 
way and  others,  are  earnestly  desired.  Some  of  the  recent  valuable 
additions  to  the  Library,  presented  by  members,  have  been,  a  complete 
set  of  the  reports  of  the  Baltimore  and  Ohio  Bailroad  ;  the  first  66 
volumes  of  the  "Annales  des  Ponts  et  Chaussees,"  substantially  making 
the  volumes  of  the  Society  complete  in  regard  to  these  important  papers; 
a  large  collection  of  reports  and  documents  upon  water  works,  and  a 
collection  of  valuable  books  upon  architecture.  These  are  referred  to 
as  showing  the  interest  exhibited  by  some  of  our  members  in  this 
direction.  All  of  these  contributions  except  one  have  been  kindly  for- 
warded from  a  distance. 

The  Committee  on  Uniform  Standard  Time. 

During  the  past  year  the  Chairman  of  the  Committee  of  this  Society 
on  Uniform  Standard  Time  participated  as  one  of  the  delegates  at  the 
International  Conference  held  in  Washington,  by  invitation  of  the 
Government  of  the  United  States,  at  which  the  lepresentatives  of  26 
nations  were  present.     This  conference  recommended  the  establishment 
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of  a  definite  single  prime  meridian  for  use  by  all  nations,  and  also 
recommended  the  adoption  of  the  24-hour  system  for  the  notation  of 
time.  Circulars  issued  by  this  Committee  to  the  officials  of  the  railways 
throughout  the  country  have  resulted  in  a  very  decided  expression  of 
opinion  favorable  to  the  general  adoption  of  this  system  of  time  nota- 
tion.    The  Committee  will  make  a  further  report  at  the  Annual  Meeting. 

The  Committee  on  the  Preservation  of  Timber. 

The  Committee  on  the  Preservation  of  Timber  has  secured  a  large 
amount  of  valuable  information  which,  it  is  understood,  will  be  presented 
at  this  meeting,  and  the  results  of  which  will  probably  be  printed  in  our 
Transactions. 

The  Committee  on  a  Unifohm  System  for  Tests  of  Cement. 

The  Committee  on  a  Uniform  System  for  Tests  of  Cement  has  been 
actively  engaged  during  the  year  in  consideration  of  the  subject  com- 
mitted to  it,  and  a  report  has  been  prepared  which  will  be  submitted  at 
this  meeting  for  consideration  and  discussion. 


Amendment  to  the  Constitution. 

The  following  proposed  amendment  to  the  Constitution  has  been 
regularly  submitted  and  sent  to  the  members.  It  will  be  in  order  for 
discussion  at  this  meeting,  and  with  any  amendments  approved  by  a 
majority  vote  of  this  meeting  will  afterwards  be  voted  upon  by  letter 
ballot : 

Proposed  Amendment  to  Article  XXII. 

Add  at  end  of  Article  as  follows  : 

Any  member  of  the  Society,  not  in  arrears  for  dues,  may  compound 
for  future  annual  dues  by  the  payment  of  Two  Hundred  and  Fifty 
Dollars. 

Provided,  however,  that  each  person  duly  elected  a  Member  shall 
pay  the  entrance  fee  and  also  the  annual  dues  for  the  current  year  of  his 
election. 

Provided,  also,  that  any  Member  desiring  to  compound  for  future 
annual  dues  shall  have  paid  the  annual  dues  for  the  current  year  before 
the  compounding  sum  may  be  available. 

Provided,  also,  that  in  addition  to  the  sum  provided  for  compound- 
ing dues,  there  shall  be  paid  by  each  compounding  member,  re>ident 
within  fifty  miles  of  the  Post  Office  in  the  City  of  New  York,  the  sum 
of  Ten  Dollars  per  year  for  five  years  after  compounding. 

Should  a  resident  member  become  non  resident  at  any  time  during 
the  five  years  after  compounding,  he  shall  be  relieved  from  the  payment 
of  such  annual  sum  during  the  time  of  non  residence. 

Should  a  non  resident  member  become  resident  at  any  time  within 
five  years  after  compounding,  he  shall  be  liable  to  the  annual  payment 
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of  Ten  Dollars  for  each  year  of  residence  up  to  five  years  after  com- 
pounding. 

Members  compounding  shall  sign  an  agreement  that  they  will  be 
governed  by  the  Constitution  and  By  Laws  of  the  Society  as  they  are 
now  formed  or  as  they  may  be  hereafter  altered,  amended  or  enlarged; 
and  that  in  ease  of  their  ceasing  to  be  members  from  any  cause  what- 
ever, the  amount  theretofore  paid  by  theni  for  compounding,  and  for 
entrance  fees  and  annual  dues,  shall  be  the  property  of  the  Society. 

Amendment  to  the  By-Laws. 

The  nineteenth  section  of  the  By-Laws  has  been  amended  during  the 
past  year,  and  now  reads  as  follows  : 

Section  19. — A  nomination  or  proposal  shall  be  presented  at  the  next 
regular  meeting  of  the  Board  of  Direction  following  its  receipt ;  the 
Board  of  Direction  shall  thereupon  send  to  all  members  of  the  Society 
a  notice  that  such  person  is  a  candidate  for  election.  Not  less  than  thirty 
days  thereafter  the  Board  shall  consider  the  application,  and  if  approved 
and  the  applicant  (if  for  admission  as  Member,  Associate  or  Junior) 
classed  with  his  consent,  a  day  shall  be  fixed  for  the  ballot  to  be  can- 
vassed, which  shall  be  at  a  regular  meeting  of  the  Society,  not  less  than 
twenty-five  days  thereafter. 

The  Norman  Medal. 

The  Norman  Medal  for  1883  was  awarded  to  the  Papers  Nos. 
CCXLVIII  and  CCLVIII,  "  On  the  Increased  Efficiency  of  Railways  for 
the  Transportation  of  Freight,"  and  "  How  can  Railways  be  made  more 
Efficient  in  the  Transportation  of  Freight  ?  "  by  William  P.  Shinn,  M. 
Am.  Soc.  C.  E.  The  Board  of  Censors  to  award  this  medal  for  the  past 
year  will  present  the  report  of  award  at  this  meeting. 

The  Rowland  Prize. 

The  Rowland  Prize,  instituted  by  the  Society,  was  awarded  for  the 
year  1883  to  Paper  No.  CCLXI1I,  "Rebuilding  the  Monongahela 
Bridge,"  by  G.  Lindenthal,  M.  Am.  Soc.  C.  E.  The  Committee  ap- 
pointed to  make  the  award  of  this  prize  for  the  past  year  has  its  report 
ready  for  presentation  at  this  meeting. 

The  sum  of  SI  000  to  constitute  a  permanent  fund,  the  income  from 
which  will  pay  this  prize,  has  been  contributed  to  the  Society  by  Mr. 
T.  F.  Rowland,  M.  Am.  Soc.  C.  E. 

Badge. 

At  the  last  annual  meeting  a  resolution  was  passed  requesting  the 
Board  of  Direction  to  take  action  in  reference  to  a  Society  badge.     The 
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following  circular  letter  issued  by  the  Board  on  September  30,  1884, 
gives  a  statement  of  what  lias  been  done  in  reference  to  this  subject: 

Sir: 

I  am  instructed  by  the  Board  of  Direction  of  the  American  Society 
of  Civil  Engineers  to  say  to  you  that: 

At  the  Annual  Meeting  of  the  Society  in  January,  1884,  at  which  104 
members  were  present  (in  addition  to  Associates,  Juniors  and  Fellows), 
the  following  resolution  was  passed: 

"  That  the  Board  of  Direction  have  a  badge  prepared,  which  mem- 
bers of  the  Society  shall  wear  at  meetings,  and  which  may  be  worn  at 
other  times." 

The  Board  took  action  in  accordance  with  this  resolution,  adopting  a 
design  for  a  badge  presented  by  a  Special  Committee  of  Members  of  the 
Society  (none  of  the  committee  being  members  of  the  Board). 

Three  hundred  and  twenty-two  (322)  badges  of  the  adopted  design 
have  been  bought  and  are  in  use. 

The  design,  however,  does  not  meet  the  approval  of  a  number  of  our 
members,  and  communications  addressed  to  the  Board  of  Direction  have 
been  received  from  ninety-three  (93)  members,  requesting  that  the 
"  question  of  the  adoption  of  a  badge,  and  that  of  a  design  for  the  same, 
be  opened  before  the  Society  at  large,  that  each  and  every  member  may 
vote  on  the  questions: 

"  1.  A  badge— Yes;  or  a  badge— No. 

"2.  The  design — Yes;  or  the  design — No. 

"  That  if  the  first  question  is  decided  in  the  affirmative,  and  the 
second  in  the  negative,  other  designs  be  obtained;  but  before  any  be 
adopted,  such  adoption  of  the  device  be  sanctioned  by  general  vote  of 
the  members,  as  may  be  provided  by  the  Constitution  or  By-Laws  for 
such  cases." 

A  question  that  would  be  raised,  should  the  Board  act  in  accordance 
with  these  requests,  has  been  carefully  considered.  It  is  whether  the 
Board  of  Direction  shall  order  a  general  vote  by  letter  ballot  upon  a 
resolution  already  regularly  passed  at  an  Annual  Meeting  of  the  Society. 
This  is  a  delicate  question  of  legislative  order.  To  direct  such  a  vote 
would  establish  an  important  precedent. 

The  ordinary  legislative  method  would  seem  to  be  that,  for  the  pur- 
pose of  securing  a  reconsideration  of  a  resolution  passed  at  the  last 
Annual  Meeting,  a  motion  to  that  effect  should  be  made  at  the  approach- 
ing Annual  Meeting  by  one  of  the  majority  voting  on  the  original 
motion. 

The  Board  of  Direction  does  not  consider  it  proper  or  wise,  there- 
fore, to  order  a  general  vote  by  letter  ballot  under  these  circumstances. 
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Membership  Tables. 

The  following  tables  show  the  changes  and  additions  during  the  year 
in  the  various  classes  of  membership: 

On  January  1st,  1884,  the  date  of  the  last  report,  the  membershii>  in 
the  Society  was: 

Honorary  Members,  resident ...     2     Non-resident 7  Total ...     9 

Corresponding  Members "              . 3  "...     3 

Members,  resident 122             "              467  "    589 

Associates,      "       11            "              20  "      31 

Juniors,           "       14            "              53  "      67 

— 687 

Making  resident 149  Non-resident. ..  .550                    

Total 699 

Fellows,  66,  of  whom  8  Members  and  1  Honorary  Member  are  in- 
cluded above,  leaving 57 

Total  Members  and  Fellows 756 

Subscribers  to  the  Building  Fund,  131,  of  whom  88  are  entered  in 
one  or  other  of  the  above  classifications  and  4  deceased,  leaving.  39 

Total  connected  with  the  Society  January  1st,  1884 795 

At  the  present  date,  January  1st,  1885,  the  membership  is: 

Honorary  Members,  resident .. .     2     Non-resident 8  Total...   10 

Corresponding  Members "              3  "     ,..     3 

Members,  resident 130            "              527  "    657 

Associates,       "       12            "              22  "      34 

Juniors,           "       16            "              61  "      77 

768 

Making  resident 160    Non-resident 621  — 

Total 781 

Fellows,   66,  of  whom  8  Members  and  1  Honorary  Member  are  in- 
cluded above,  leaving 57 

Total  Members  and  Fellows 838 

Subscribers  to  the  Building  Fund,  137,  of  whom  93  are  entered  in 
one  or  other  of  the  above  classifications  and  4  deceased,  leaving .   40 

Total  connected  with  the  Society  January  1st,  1885 878 
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The  additions  during  the  past  year  to  the  several  classes  of  Society 
membership  have  been: 

Honorary  Member  qualified 1 

Members  qualified 82 

Associates  qualified 5 

Juniors  qualified 20 

Fellow  qualified 1 

Total  additions  to  the  several  classes  of  membership 109 

Subscribers  to  the  Building  Fund,  7,  5  of  whom  are  otherwise  con- 
nected with  the  Society;  leaving  not  otherwise  connected  with  the 
Society 2 

Total  additions Ill 

The  decrease  during  the  year  in  the  several  classes  of  membership 
has  been: 

Members — Died  9.  .Kesigned  5 14 

Associates "  1 . .  Transferred  to  Member  1 2 

Juniors Died  1 "  "         "  9 10 

Fellows....     "     1 1 

Totals Deaths  11,  Eesignations  6,  Transferred  10 27 

Also  1  former  subscriber  to  the  Building  Fund  became  a  member.     1 

28 

There  has  thus  been  an  addition  of  111  to  the  various  classes  of  mem- 
bership and  subscribers  to  the  Building  Fund,  and  a  decrease  of  28, 
making  the  actual  net  additions  during  the  year  83  in  number. 

On  January  1st,  1884,  there  were,  as  stated  in  the  last  Annual  Report, 
9  proposals  pending;  127  proposals  have  been  received  during  the  year; 
1  candidate  has  been  elected  Honorary  Member;  69  candidates  have 
been  elected  Members,  of  whom  1  was  transferred  from  Associate,  and 
9  from  Junior;  5  candidates  have  been  elected  Associates;  20  candidates 
have  been  elected  Juniors. 

1  person  has  qualified  during  the  year  as  Honorary  Member;  82  per- 
sons have  during  the  year  qualified  as  Members;  5  have  qualified  as  As- 
sociates; 20  have  qualified  as  Juniors;  1  has  qualified  as  Fellow;  7  can- 
didates elected  during  the  year  as  Members,  and  1  Associate,  and  1 
Junior  have  not  yet  qualified;  there  are  18  proposals  now  pending. 

Twenty  meetings  of  the  Society  were  held  during  the  year,  one  of 
which  was  the  Annual  Meeting,  held  in  New  York,  January  16th  and 
17th,  and  another  the  Annual  Convention,  held  in  Buffalo,  New  York, 
June  10th   to    13th;  all  the  sessions  of  the   Convention,  including  the 
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business  meeting,  being  counted  as  one  meeting  of  the  Society.  Meet- 
ings have  been  held  on  the  first  and  third  Wednesday  of  each  month, 
except  July  and  August. 

Twenty-seven  meetings  of  the  Board  of  Direction  have  been  held 
during  the  year. 

Reports  made  during  the  year  have  been  as  follows: 

By  the  Board  of  Direction:  The  Annual  Report. 

By  the  Finance  Committee:  Annual  Report  on  the  Finances  of  the 
Society;  Quarterly  Reports  to  the  Board  of  Direction. 

By  the  Library  Committee :  Regular  Monthly  Reports  on  the  Library 
and  on  Publications. 

By  the  Secretary:  Monthly  Reports  to  the  Board  of  Direction;  Oc- 
casional Reports  on  Current  Business. 

By  the  Treasurer:  The  Annual  Report  of  the  Treasurer;  Monthly 
Reports  to  the  Board  of  Direction. 

By  the  Committee  on  Uniform  System  for  Tests  of  Cement:  2 
Reports. 

By  the  Committee  on  Preservation  of  Timber:  2  Reports. 

By  the  Committee  on  Uniform  System  for  Standard  Time :  2  Reports. 

By  the  Nominating  Committee:  1  Report. 

By  the  Committee  in  Reference  to  the  International  Inventions 
Exhibition  in  London,  1885:  1  Report. 

The  Society  has  lost  by  death,  during  the  term  covered  by  this 
report,  nine  Members,  Messrs.  C.  Vandervoort  Smith,  Past  Director  of 
the  Society;  John  Avery,  Charles  L.  McAlpine,  John  Griffen,  Samuel 
H.  Shreve,  Gabriel  Jordan,  Charles  A.  Smith,  Isaac  Newton  and  Edward 
Yorke;  one  Junior,  William  M.  Allaire;  and  one  Fellow,  Daniel  L. 
Wells. 

Respectfully  submitted, 

JOHN  BOGART, 

Secretary. 
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REPORT  OF  THE  TREASURER 

For   the   Year    Ending    December    31st,    1884. 
receipts. 

Balance  on  hand  December  31, 1883  : 

Building  Fund  $925.46 

Fellowship  Fund 1217.38 

General  Fund 4  859.15 


$7  001 .99 


Receipts  during  year : 

Entrance  Fees..   $2  730.00 

Current  Dues  : 

From   ill  Resident  Members $2  208.50 

"     3%  Non-resident  Members 6  647.96 

"         8  Resident  Associates ,  112.50 

"       20  Non-resident  Associates 190.00 

"       17  Resident  Juniors 247.50 

"       45  Non-resident  Juniors 435.00 

$8  841.46 


Past  Dues  : 

From  10  Resident  Members $429.16 

"     35  Non-resident  Members 561.00 

"       1  Resident  Associate 15.00 

'*       1  Non-resident  Associate 10.00 

"       1  Resident  Junior  15.00 

"        2  Non-resident  Juniors 20.00 


Dues  for  year  beginning  January  1st,  1885  : 

From    23  Resident  Members  $575. TO 

»      113  N  n-resident  Members 1700.00 

"         2  Resident  Associates 30.00 

"         2  Non-resident  Associates 20.00 

"         1  Resid  nt  Junior     15.00 

"         8  Non-resident  Juniors 80.00 


12  311.62 

Sales  of  Publications 663.79 

Certificates  of  Membership 124.25 

Advertisements 103.00 

Interest  on  Fellowship  Fund  Bonds 420.00 

"  Savings  Bank  Depo-it 32.04 

"  Norman  Medal  Fund  Bond 70.00 

"  Railroad  Slock 77.62 

"  Bonds  purchased  during  year 375.00 

974.66 

Subscriptions  to  Building  Fund 620.00 

Fell,  .wship  Fees 150 .  00 

Other  sources 1 .  78 

17  679.10 

From  Savings  Bank 285 .  53 

From  T.  F.  Rowland,  M  Am.   Soc.  C.  E,  creating  Rowland  Prize  Fund 1000.00 

$25  966.62 
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DISBURSEMENTS. 


Interest  on  Mortgage 

Taxes 

Publications 

Stationery  and  Printing 

Postage 

Library  

Salaries 

Convention  and  Annual  Meeting 

Janitor.  House  Supplies,  Fuel,  Water  and  Gas. 

Certificates  of  Membership 

Insurance  

Norman  Medal  and  Rowland  Prize 

Other  expenditures     

Finance — Treasurer's  Books 

Work  of  Committees 


Payments  from  Building  Fund 

Transferred  to  Savings  Bank 

Purchased  during  year  9  bonds,  costing  $10  598.75 

Sold  during  year  5  bonds  for 5  400.25 


$800.00 
492.50 

4  521.24 
754.71 
797.24 
595.46 

3  000.00 
844.41 

1  500.01 
65.80 
62.50 
131.25 
332.13 
340.00 
412.50 


Cash  expended  for  4  bonds  now  on  hand $5  198.50 

Note. — One  of  these  bonds  belongs  to  the  Fellowship  Fund  ;  one  to 
Rowland  Prize  Fund,  and  two  to  the  General  Society  Fund. 


Balance  on  hand— Building  Fund. 
General        "     . 


$426.03 
4  550.87 


$14  639.75 

1  119.43 

32.04 


10  175.40 


$25  966.62 
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The  funds  of  the  Society  are  as  follows  : 
Fellowship  Fund  : 

Eighty-six  subscriptions  to  December  31,  1883 $9  050 .  00 

Premium  and  accumulated  interest  December  31,  1883.         1  903 .  69 

Fund  on  hand  December  31,  1883 $10  953 .  69 

One  subscription  during  1884 150 .  00 

Interest  received  during  1884 420 .  00 

$11523.69 
Expended  for  publications  during  1884 818.37 

$10  705.32 

The  present  investment  of  the  Fund  is  : 

Eight  Pennsylvania  Railroad  six  per  cent.  Bonds,  cost.       $9  889 .  32 
Deposit  in  Seamen's  Bank  for  Savings 81 6 .  00 

$10  705.32 

Norman  Medal  Fund  : 

One   Certificate   Croton   Aqueduct   Stock,    New  York 

City $1  000.00 

Building  Fund  : 

Receipts  previous  to  January  1,  1884 $16  897.00 

during  1884 620.00 

$17  517.00 

Expended  : 

For  Legal  Services,  Circulars,  &c $355 .  03 

For  Improvements  on  Property 2  735 .  94 

Payments  on  Purchase 14  000 .  00 

On  hand  December  31,  1884 426.03 

$17  517.00 


Rowland  Prize  Fund  : 

One  Pennsylvania  Railroad  General  Mortgage  6  per 
cent.  Bond,  cost $1  222 .  50 
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General  Investment : 

10  Shares  New  York  Central  and  Hudson  Kiver  Rail- 
road Stock $1  000.00 

1  Consolidated  Certificate  New  York  Central  and  Hud- 
son River  Railroad  Stock 35 .  00 

2  Pennsylvania  Railroad  General  Mortgage  6  per  cent. 

Bonds,  cost 2  445 .  00 


S3  480.00 


Respectfully  submitted, 

J.  James  R.  Croes, 

Treasurer. 


REPORT  OF  THE  COMMITTEE  ON  FINANCE, 

Presented  and  Accepted  at  the  Annual  Meeting,  January  21,  1885. 

The  Finance  Committee  has  the  honor  to  report  that,  having  audited 
all  the  bills  that  have  been  paid  by  the  Treasurer  during  the  past  year, 
they  have  found  that  each  bill  has  been  charged  to  its  proper  fund,  and 
that  the  several  sums  have  not  exceeded  the  amounts  appropriated  by 
the  Board  of  Direction  for  the  purposes  specifically  mentioned.  Also 
that  the  Committee  has,  at  the  end  of  the  year,  carefully  examined  all  of 
the  assets  and  liabilities  of  the  Society,  and  has  found  that  the  reports  of 
the  Secretary  and  Treasurer  give  a  correct  account  of  the  same. 
Respectfully  submitted, 

W.  H.  Paine, 

G.  S.  Greene,  Jr., 

Wm.  R.  Hutton, 

Finance  Committee. 


LIST    OF    PUBLICATIONS    AND    PAPERS    RECEIVED    FOR 

LIBRARY. 

Appendix  to  Annual  Report  of  the  Board  of  Direction, 
January  21st,  1885. 

The  following  papers  are  contributed  to  the  Society,  or  are  received 
in  exchange  for  Transactions  : 

American  Architect  and  Building  News Weekly Boston. 

American  Engineer  ...    ..       "       Chicago. 
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American  Gas  Light  Journal Semi-Monthly..  New  York. 

.Annales  des  Travaux  Publics Monthly Paris. 

Army  and  Navy  Journal "Weekly New  York. 

Builder "      London. 

Building  and  Engineering  News "      " 

Bulletin  American  Iron  and  Steel  Association Semi-Monthly.. Philadelphia. 

Bulletin  du  Canal  Interoceanique "  "      ..Paris. 

City  Record Daily New  York. 

Commissioner  of  Patents'  Journal Semi-Weekly  ...London. 

Der  Civilingenieur Monthly Leipsig. 

Deutsche  Bauzeitung Weekly Berlin. 

Engineer "      London. 

Engineering "      " 

Engineering  and  Mining  Journal "      New  York. 

Enginei  ring  News  and  American  Contract  Journal "      " 

Genie  Civil '*      .Paris. 

Industrie  Zeitung Bi-Monthly  ....Riga. 

Industrial  America Weekly New  York 

Iron "      London. 

Iron  Age "      New  York. 

Journal  of  the  Association  of  Engineering  Societies Monthly " 

"      of  Artillery  and  Military  Engineering "        Vienna. 

"      of  Society  of  Arts Weekly London. 

"      of  Gas  Lighting "      " 

Manufacturer  and  Builder Monthly New  York. 

Manufacturer  and  Iron  World Weekly Pittsburgh. 

Magazine  of  American  History Monthly New  York. 

Mechanical  News Semi-Monthly..         " 

Norsk  Teknisk  Tidsskrift Monthly Christiania. 

Nouvelles  Annales  de  la  Construction "        Paris. 

Portefeuille  Economique  des  Machines "         " 

Record  of  Scieniific  Literature "         New  York. 

Railroad  Gazette Weekly " 

Railway  Age "      Chicago. 

Railway  Review "      " 

Railway  World "      Philadelphia. 

Reportorium  der  Technischen  Literatur Leipsig. 

Revue  Generale  des  Chemins  de  fer Monthly Paris. 

Sanitary  Engineer Weekly New  York. 

Science "      Cambridge. 

Scientific  American "      New  York. 

Scientific  American  Supplement "      " 

Teknisk  Tidsskrift Monthly Stockholm. 

Techniker Semi-Monthly.  .New  York. 

Telegraph  Journal  and  Electric  Review "  "       ..London 

The  Locomotive Monthly Hartford. 

Van  Nostrand's  Magazine "         New  York. 

Zeitschrift  fur  Baukunde Quarterly Munich. 

Zeitschrift  fur  Bauwesens "  Berlin. 

The  following  are  subscribed  for  : 

American  Bookseller Semi-Monthly.  .New  York. 

American  Library  Journal Monthly '* 

Bookseller "         London. 

Publishers' Weekly Weekly New  York. 

V.  S.  Official  Postal  Guide Monthly Boston. 
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The  Society  has  received  during  the  year,  in  exchange  for  the 
"Transactions,"  official  publications  of  the  following  associations,  in 
many  instances  for  preceding  years  : 

Aeronautical  Society  of  Great  Britain London. 

Academy  of  Sciences Washington. 

Akadernie  des  Bauwesens Berlin. 

American  Institute  of  Architects New  York. 

American  Institute  of  Mining  Engineers " 

American  Iron  and  Steel  Association Philadelphia. 

American  Society  of  Mechanical  Engineers New  York. 

Annales  de  Construcciones  ("iviles  y  de  Minas Lima. 

Aunales  des  Ponts  et  Chausees Paris. 

Argentine  Scientific  Society Buenos  Ayres. 

Association  of  Civil  Engineers Lisbon. 

Astor  Library New  York. 

Austrian  Society  of  Engineers  and  Architects  (Two  Publications) Vienna. 

Boston  Public  Library  Boston. 

Boston  Society  of  Civil  Engineers " 

Canadian  Institute Toronto. 

Civil  Engineers'  Society  of  St.  Paul St.  Paul. 

Civil  Engineers'  Club  of  Cleveland Cleveland. 

Die  Administration  der  "  Mittheilungen  " Vienna. 

Engineers'  Club  of  Philadelphia Philadelphia. 

Engineers'  Club  of  St.  Louis St.  Louis. 

Engineer  Department.  U   S.  A Washington. 

Engineers'  Society,  Western  Pennsylvania Pittsburgh. 

Franklin  Institute  Journal Philadelphia. 

Imperial  School  Moscow. 

Imperial  Technic  Society  of  Russia St   Petersburg. 

Imperial  University Tokio. 

Institution  of  Civil  Engineers. London. 

"  "  of  Ireland Dublin. 

"         of  Engineers  and  Shipbuilders  of  Scotland Glasgow. 

"         of  Mechanical  Engiueers London. 

Iron  and  Steel  Institute 

Massachusetts  Institute  of  Technology Boston. 

McGill  University.  Department  of  Science Montreal. 

Mechanics'  Institute San  Francisco. 

Midland  Institute,  Mining,  Civil  and  Mechanical  Engineers Barnsley,  Eng. 

Military  Service  Institution  of  the  United  States Goveruor'sIsld.,N.Y, 

Mining  Iustiiute  of  Scotland  Hamilton. 

New  York  Meteorol  gi<  al  Observatory New  York. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers Newcastle-on-Tyne. 

Bensselaer  Society  of  Engineers Troy. 

Riga  Technical  Society Eiga. 

Royal  United  Service  Institution London. 

School  of  Mines,  Columbia  College New  York. 

logical  Society  of  Japan Tokio. 

Smithsonian  Institution Washington. 

Society  of  Arts  London. 

Society  of  Civil  Engineers Paris. 

Society  oi  Engineers London. 

Soc  iety  of  Engineers  aod  Architects Cologne. 

Society  of  Engineers  and  Architects  of  Hungary Budapest. 

•'  "  Dresden. 

"  "  Hanover. 

Stevens  Institute  of  Technology lloboken. 
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Swedish  Society  of  Engineers Stockholm. 

Thayer  Scientific  School,  Dartmouth  College Hanover. 

Thumason  Civil  Engineering  College,  Indian  Engineering Roorkee. 

United  States  Coast  and  Geodetic  Survey Washington. 

"  Geologi.-al  Survey 

"  Light  House  Board 

'*  Mili'  ary  Academy West  Point. 

"  Naval  Institute Annapolis. 

"  Naval  Observatory Washington. 

"  Ordnance  Department 

Patent  OSice " 

University  of  Michigan  Ann  Arbor. 

Western  Society  of  Engineers Chicago. 


LIST    OF    MEMBEES. 


ADDITIONS. 
MEMBEES. 


Date  of  Election. 

Aechibald,  Peter  Sather  ....  Chief   Engineer    Intercolonial 

Ey.,  Moncton,  N.  B.,  Canada.         Jan.  7,  1885. 

Babcock,  Henry  Nash U.   S.    Engineers'  Office,    New 

Haven,  Conn Sept.  3,  1884. 

Jarvis,  Charles  Maples Chief   Engineer,     Berlin    Iron 

Bridge     Co.,     East      Berlin, 

Conn Jan.  7,  1885. 

Lafon,  Thomas (Elected  Junior  March  3,  1875.) 

(Care  of  Mrs.  Charles  Young), 
1058  Broad  street,  Newark, 
N.J Nov.  5,  1884. 

Obbison,  Thomas  Watson.  ..  .Superintendent  Hydraulic 

Power  Co.,  Iron  Mountain, 
Mich Sept  3,  1884. 

Phinney,  Henry  Ward  Beecher.  170  East    111th   street,   New 

York  City Jan.  7,  1885. 

JUNIOR. 

Booth,  William  Ferris Poughkeepsie,  N.  Y Jan.  7,  1885. 


CHANGES     AND     CORRECTIONS. 


MEMBERS. 


Abbot,  Frederic  V 1st  Lieut.  Corps  of  Engineers,  U.  S.  A.,  Charles- 
ton, S.  C. 

Appleton,  Thomas P.  O.  Box  2008,  Kansas  City,  Mo. 

Bailey,  Thomas  N Capt.  Corps  nf  Engineers,  U.  S.  A.,  Whitestone, 

N.  V. 
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Baldwin,  Thomas  W Hotel  delMonte,  Monterey  Co.,  Cal. 

Barnard,  Augustus  P (Care  of  D.   Van  Nostrand),   23  Murray  street, 

New  York  City. 
Baxter,  George  S Assistant  Treasurer,  Northern  Pacific  R.  B.,  St. 

Paul,  Minn. 

Bruner,  Daniel  P Ledger  Building,  Room  2,  Philadelphia,  Pa. 

Clarke,  Thomas  C Union  Bridge  Co.,  Welles  Building,  Room  713, 

New  York  City. 

Cunningham,  David  W Wellesley  Hills,  Norfolk  Co.,  Mass. 

Curtis,  Wendell  R U.  S.  Engineers'  Office,  Fernandina,  Fla. 

Doane,  Walter  A (Care   of  James   Ross),    Canadian    Pacific  Ry., 

West  End   of  Track,    Winnepeg,    Manitoba, 

Canada. 

Dofan,  Frank  C Pico  House,  Los  Angeles,  Cal. 

Dorset,  Edward  B Consulting    Engineer    to     the     American    Ex- 
hibition,  London,   1886,  7  Poultry,   London, 

E.  C,  England. 

Ellis,  Nathaniel  W 593  Union  st.,  Manchester,  N.  H. 

Forsyth,  Robert Spang  Steel  and  Iron  Co.,  Sharpsburg,  Pa. 

Gates,  Horace  D.... Lewis,  Lander  Co.,  Nevada. 

Golat,  Philip Vevay ,  In  diana. 

Gottlieb,  Abraham Major  Block,  Room  75,  Chicago,  111. 

Greene,  Benjamin  H Chief  Engineer,   Gulf  and  Ship  Island  R.  R., 

McCotnb  City,  Miss. 
Harris,  William  P Superintendent,    Baltimore   and    Ohio   R.    R., 

West  of  Cumberland,  Cumberland,  Md. 

Hegeman,  William  W (Care  of  OBrien  &  Clark),  Yonkers,  N.  Y. 

Heuer,  Wilt  jam  H Capt.  Corps  of  Engineers,  U.  S.  A.,  63  Caron- 

delet  st.,  New  Orleans,  La. 

Leverich,  Gabriel 22  Sands  st.,  Brooklyn,  N.  Y. 

Linvtlle,  Jacob  H 3311  Arch  st.,  Philadelphia,  Pa. 

Low,  Gouham  P Gloucester,  Mass. 

Macdonald,  Charles Union  Bridge  Co. ,  Welles  Building,  18  Broad- 
way, Rooms  713-719,  New  York  City. 
McClintock,  William  H Engineer,    Southern    Division    Louisville    and 

Nashville  R.  R.,  Montgomery,  Ala. 

McDonald,  Harry  P N.  E.  Cor.  Fifth  and  Market  sts.,  Louisville,  Ky. 

Michaelis,  Otho  E Capt.    Ordnance    Corps,   U.   S.   A.,  Watervliet 

Arsenal,  West  Troy,  N.  Y. 
Moore,  Charles  E Bridge  Inspector,  Wabash,  St.  Louis  and  Pacific 

Ry.,  Moberly,  Mo. 
Paine,  Charles Gen.  Supt.  New  York,  Pennsylvania  and  Ohio 

Ry.,  Cleveland,  Ohio. 
Partridge,  John  A La  Pierre  House,  cor.  Tenth  and  E  sts.,  N.  W., 

Washington,  D.  C. 
Rafter,  George  W Civil  and  Sanitary  Engineer,  Water  Engineers' 

Office,  32  City  Hall,  Rochester,  N.  Y. 
Safford,  Edward  S 312  Madison  avenue,  Baltimore,  Md. 
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Seaeles,  William  H Merchants'  Bank  Building,  Boom  35,  Cleveland, 

Ohio. 
Sites,  Wilmon  W.  C Engineer,    State    Board    of    Assessors,    Fuller 

Building,  Booms  74  and  75,  Jersey  City,  N.  J. 

Smith,  Chaeles  C 530  Olive  st.,  St.  Paul,  Minn. 

Smith,  W.  Harrison Assistant  Engineer,  Northern   Central   B.    B., 

414  W.  Church  st.,  Elmira,  N.  Y. 

Vaughan,  Frederick  W (Care  of  E.  O.  Saltmarsh,  Supt.),  Pensacola,  Fla. 

Walling,  Henry  F 9  Pemberton  Square,  Boston,  Mass. 

Wurtele,  Arthur  S.  C 25  Niagara  Square,  Buffalo,  N.  Y. 

Yonge,  Samuel  H 1415  Washington  ave.,  St.  Louis,  Mo. 

JUNIORS. 

Beeithaupt,  William  H 1424  Washington  ave.,  St.  Louis,  Mo. 

Connett,  Albert  N Delight,  Ellsworth  Co.,  Kansas. 

Yates,  Preston  K Tarry  town,  N.  Y. 

Young,  Herbert  A Chief   Engineer,    Toledo,    Cincinnati    and   St. 

Louis  B.  B.,  Toledo,  Ohio. 


Jervis,  John  B Elected  Honorary  Member,  December  2d,  1868; 

Elected  Fellow,  March  19th,  1870;  died  Janu- 
ary 12th,  1885. 

Sickels,  Theophilus  E Elected    Member,    February    21st,    1872;  died 

February  4th,  1885. 
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Vol.   XL— February,   1885. 


MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


February  4,  1885. — The  Society  met  at  8  p.  m.,  President  Frederic 
Graff  in  the  Chair  ;  John  Bogart,  Secretary.  The  death  on  February 
3d  of  Theophilus  E.  Sickels,  M.  Am.  Soc.  C.  E.,  was  announced.  The 
Paper  by  E.  Sweet,  M.  Am.  Soc.  C.  E.,  on  the  Radical  Enlargement  of 
the  Artificial  Waterway  between  the  Lakes  and  the  Hudson  River,  was 
discussed  by  Messrs.  E.  L.  Corthell,  Edward  P.  North,  Willard  S.  Pope, 
O.  M.  Poe,  T.  C.  Keefer,  Simon  Stevens,  A.  P.  Boiler  and  M.  M. 
Drake. 

February  18, 1885.— The  Society  met  at  8  p.  m.,  Vice-President  G.  S. 
Greene,  Jr.,  in  the  Chair;  John  Bogart,  Secretary.  The  discussion  on  the 
Paper  on  the  Badical  Enlargement  of  the  Artificial  Waterway  between 
the  Lakes  and  the  Hudson  River  was  continued  by  Messrs.  E.  S.  Ches- 
brough,  Walton  W.  Evans,  T.  C.  Clarke,  N.  M.  Edwards,  William  E. 
Merrill,  John  D.  Van  Buren,  Jr.,  D.  Farrand  Henry,  O.  Chanute,  C. 
Herschel,  J.  Nelson  Tubbs,  Robert  L.  Harris,  Theodore  Cooper,  F. 
Collingwood  and  E.  Sweet. 

OF  THE  BOARD  OF  DIRECTION. 

February  11,  1885. — Applications  were  considered.  A  communica- 
tion was  directed  to  be  sent  to  the  members  of  the  Committee  on  a 
Uniform  System  for  Tests  of  Cement  in  relation  to  the  Majority  and 
the   Minority  Reports  of    that   Committee.      Financial   business   was 
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transacted.  The  presentation  of  $50,  for  purchase  of  books  for  the 
library,  by  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E.,  the  recipient  of  the 
Rowland  Prize  for  the  past  year,  was  acknowledged.  Letters  from  mem- 
bers in  arrears  for  dues  were  presented  and  action  taken. 

February  25,  1885. — Applications  were  considered.  Letters  from 
members  in  arrears  were  presented  and  action  taken.  A  committee 
was  appointed  to  consider  the  subject  of  the  proposed  reform  in  the 
Patent  Office,  and  to  report  a  recommendation  whether  it  is  best  that 
the  Society  should  take  any  action  in  the  matter.  Action  was  taken  in 
accordance  with  the  resolution  of  the  Annual  Meeting  in  reference  to  a 
committee  to  investigate  the  compressive  strength  of  cement  and  the 
compression  of  cements  and  mortars,  and  the  settlement  of  masonry. 


Immcan   locfelg  of  §  foil  Jnjiiwm. 

PROCEEDINGS. 

Vol.    XI.— March,    1885. 


MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


March  4th,  1885. — The  Society  met  at  8  p.  m.,  President  Graff  in 
the  Chair  ;  John  Bogart,  Secretary.  The  vote  on  the  proposed  amend- 
ment to  the  Constitution  was  canvassed  as  follows  : 

For  the  amendment 181 

Against  the   amendment 28 

Blank  votes 3 

Ballot  not  endorsed 1 

Total  votes  received 213 

This  proposed  amendment,  having  received  an  affirmative  vote  of 
two-thirds  of  all  ballots  cast,  was  declared  duly  adopted  as  an  amendment 
to  the  Constitution  of  the  Society.     It  reads  as  follows  : 

Add  at  end  of  Article  XXII  : 

Any  member  of  the  Society,  not  in  arrears  for  dues,  may  compound 
for  the  payment  of  all  future  annual  dues,  except  as  hereinafter  provided, 
by  the  payment  of  Two  Hundred  and  Fifty  Dollars. 

Provided,  That  all  Resident  members,  or  those  who  may  hereafter 
become  such,  shall  be  and  remain  liable  to  the  annual  payment  of  the 
difference  between  the  annual  dues  of  Resident  and  Non-Resident 
Members,  as  the  same  now  is,  or  may  be  established  from  time  to  time  ; 
but  any  member  may  at  any  time  compound  for  the  future  payment  of 
all  annual  dues  of  every  nature  and  kind,  by  the  payment  of  Seventy-Five 
Dollars  in  addition  to  the  Two  Hundred  and  Fifty  Dollars  hereinbefore 
provided  for. 

Provided,  however,  that  each  person  duly  elected  a  Member  shall 
pay  the  entrance  fee  and  also  the  annual  dues  for  the  current  year  of  his 
election. 
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Provided,  also,  that  any  Member  desiring  to  compound  for  future 
annual  dues  shall  have  paid  the  annual  dues  for  the  current  year  before 
the  compounding  sum  may  be  available. 

Members  compounding  shall  sign  an  agreement  that  they  -will  be 
governed  by  the  Constitution  and  By-Laws  of  the  Society  as  they  are 
now  formed,  or  as  they  may  be  hereafter  altered,  amended  or  enlarged; 
and  that  in  case  of  their  ceasing  to  be  members  from  any  cause  what- 
ever, the  amount  theretofore  paid  by  them  for  compounding,  and  for 
entrance  fees  and  annual  dues,  shall  be  the  property  of  the  Society. 

All  moneys  thus  paid  in  commutation  of  annual  dues  shall  be  invested 
as  a  permanent  fund,  the  interest  thereof  only  being  subject  to  appro- 
priation for  current  expenses. 


The  death  of  Mr.  F.  W.  Merz,  F.  Am.  Soc.  C.  E.,  and  of  Mr.  Arba 
Read  Haddock,  Assoc.  Am.  Soc.  C.  E.,  were  announced. 

At  the  Annual  Meeting,  the  following  resolution  was  adopted: 

Resolved,  That  the  President  be  authorized  to  appoint  a  committee, 
consisting  of  five  members,  to  confer  with  committees  appointed  by 
kindred  societies,  for  the  purpose  of  devising  and  considering  a  plan  for 
creating  a  library  for  the  general  use  of  the  organizations  represented  by 
the  committees  in  conference  ;  said  plan  to  be  reported  to  the  Society 
for  such  action  as  may  be  desirable. 

Under  the  provisions  of  this  resolution,  the  President  announced  the 
appointment  of  the  following  committee  :  Messrs.  William  P.  Shinn, 
Henry  R.  Towne,  Thomas  C.  Clarke,  M.  N.  Forney  and  George  S. 
Morison. 

The  following  letter,  received  since  the  last  business  meeting  of  the 
Society,  was  presented: 

The  American  Exhibition  in  ) 

London,  1886.  y 

London,  Jan.  24th,  1885.       ) 

John  Bogaet,  Esq., 

Sec'y  Am.  Soc.  C.  E.: 

Dear  Sir, — Since  my  last  letters  to  you,  I  have  informally  heard  from 
and  seen  the  representatives  of  many  societies,  corporations,  etc.,  who 
offer  to  co-operate  most  cordially  with  the  Executive  Council  of  this 
Exhibition,  in  making  agreeable  the  visit  of  those  members  of  our 
Society  who  may  accept  the  invitation  contained  in  my  last  letter,  viz. : 
to  hold  our  annual  summer  convention  next  year  in  London.  At  this 
distant  period  nothing  would  be  gained  by  making  a  definite  programme, 
as  time  would  necessarily  make  many  changes  in  it,  but  enough  has  been 
sketched  out  to  warrant  me  in  saying,  that  those  who  may  accept  the 
invitation  will  not  regret  it. 

Yours  most  truly, 
Edward  Bates  Dorse y,  M.  Am.  Soc.  C.  E., 

Consulting  Engineer  to  the  Exhibition. 


MARCH    PROCEEDINGS.  59 

The  jjresentation  to  the  Society  by  Simon  Stevens,  Esq.,  of  the  Par- 
liamentary Reports  on  the  Caledonian  Canal  from  1803  to  1871  ;  the 
Maps,  Profiles  and  Drawings  of  the  same  canal ;  the  Working  Specifica- 
tions of  the  Amsterdam  Canal  from  18G5  to  1870,  and  the  description  of 
the  North  Sea  Canal  of  Holland  (subject  to  withdrawal  by  Mr.  Stevens), 
was  announced. 

A  paper  on  the  Cantilever  Bridge  at  Niagara  Falls,  by  C.  C.  Schnei- 
der, M.  Am.  Soc.  C.  E.,  was  read. 

March  18,  1885. — The  Society  met  at  8  p.  m.,  Vice-President  G.  S. 
Greene,  Jr. ,  in  the  chair  ;  John  Bogart,  Secretary.  A  paper  by  D.  J. 
Whittemore,  Past  President  Am.  Soc.  C.  E.,  on  Roofing  Slate,  was  read. 

A  paper  by  William  P.  Shinn,  M.  Am.  Soc.  C.  E.,  in  reply  to  a  paper 
by  E.  Yardley,  M.  Am.  Soc.  C.  E.,  in  discussion  of  Mr.  Shinn's  previous 
papers  on  Railway  Efficiency,  was  read. 

OF  THE  BOARD  OF  DIRECTION. 

March  11,  1885. — Applications  were  considered.  The  following 
report  was  presented  : 

The  Committee  of  the  Board  of  Direction  to  which  was  referred  the 
subject  of  the  proposed  Reform  in  the  U.  S.  Patent  Office,  respectfully 
report  : 

From  the  papers  submitted  it  appears  that  the  proposed  reform  is  to 
consist  in  the  increased  talent  and  ability  of  the  Commissioner  and  the 
increase  in  number  and  efficiency  of  the  examiners,  these  superior 
qualifications  to  be  secured  by  larger  compensation. 

We  believe  that  the  promotion  of  reforms  in  the  Government,  so 
general  in  their  character,  are  not  included  in  the  objects  of  our  Associa- 
tion as  given  in  Article  II.  of  our  Constitution,  and  if  we  are  sometimes 
permitted  to  go  beyond  the  strict  letter  of  the  law  to  promote  some 
object  of  vital  or  very  great  importance  to  our  whole  profession,  we  are 
of  opinion  that  the  matter  before  us,  however  desirable  its  object  may 
be,  is  not  of  the  class  referred  to.  We  therefore  recommend  that  the 
Society  take  no  action  in  the  matter. 

The  results  sought  are  desirable  in  every  respect,  and  members  inter- 
ested may  well  exert  their  personal  influence  to  secure  them. 


Theo.  Cooper,      )  .-,         ... 
Wm.  R.  Hutton,  \  C°mmiftee- 


The  report  was  accepted  and  adopted  by  the  Board.  Communica- 
tions from  the  members  of  the  Committee  on  a  Uniform  System  for 
Tests  of  Cement  were  presented,  and  the  following  resolution  was 
adopted  : 

Resolved,  That  the  Board  request  the  Committee,  as  suggested  by  its 
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chairman,  to  consider  the  questions  raised  in  the  communications  pre- 
sented on  this  subject  and  report  at  as  early  a  day  as  possible. 

Financial  business  was  transacted. 

The  following  resolution  was  adopted  : 

Resolved,  That,  in  the  opinion  of  this  Board,  members  whose  prin- 
cijDal  business  office  and  engineering  residence  is  within  fifty  miles  of 
the  Post  Office  in  the  City  of  New  York  are  Kesident  Members. 

March  25th,  1885.— Applications  were  considered  ;  general  business 
transacted. 


ADDITIONS  TO 

LIBRARY    AND    MUSEUM. 


From  Col.  Julius  W.  Adams,  Past  Pres- 
ident Am.  Soc.  C.   E  ,  Brooklyn,  N. 
Y.: 
The  following  works  on  architecture: 

Studio  d'Architectura  Civile.  Florence,  1727. 

Texier  and  Pullans  Byzantine  Architecture. 
London. 

W.  E.  Nesfield's  Sketches  in  France  and  Italy. 
London. 

Gruner's  Terra  Cotta  Architecture  of  North- 
ern Italy.     London. 

Construction  en  Brique.     Louis  Degar. 

Wick's  Church  Towers  and  Spires  of  Eng- 
land. Vols.  I,  II  and  III,  with  supplement 
to  Vols.  I  and  II. 

Architectura  Domestiea. 

The  Ornamentist. 

Romanesque  and  Painted  Architecture  of 
France. 

Architectural  Magazine.  London.  Complete 
in  five  volumes. 

Brongniart  Traite  Arts  Ceramiques.  Poteries. 

3  volumes. 

Buckler's  Abbey  Church  of  St.  Albans. 

Paley's  Gothic  Ornaments. 

Storer's  Cathedral  Churches  of  Great  Britain 

4  volumes. 

Freeman's  History  of  Architecture. 

Salisbury  Cathedral.     Britton. 

Stuart's  Architectural  Dictionary.     3  vols. 

Nicholson's  Architectural  Dictionary,  4 
vols. 

Careless  Gothic  Architecture. 

Britton's  Ecclesiastical  History  of  English 
Architecture. 

Egyptian  Sarcophagii. 

Scott's  Ornamentist. 

The  following  works  on  engineering  sub- 
jects: 

Rodman's  Experiments  on  Metals  for  Can- 
non, etc. 

Erweiterungsbauten  der  Rheinischen  Eisen- 
bahn.     Coblens. 

Long  and  Short  Span  Railway  Bridges  J.  A. 
Roebling. 

Buchanan  on  Machinery.     2  volumes. 


Reports  and  Surveys  Isthmus  Canal.  Darien. 

Reports  and  Surveys  Isthmus  Canal.     Tehu- 
antepec. 

Engineers'  and  Machinists'  Assistant.    Glas- 
gow.    2  volumes. 

Hatchet te  Elementary  Treatise  on  Machines. 
2  volumes. 

Transactions  Institution  of  Civil  Engineers. 
London.     Vols.  I  and  II. 

Brees'  Railway  Practice.     2  vols. 

Encyclopedia  Technologique.     2  vols. 

Tredgold's  Carpentry. 

Farey  on  the  Steam  Engine. 

Theory,  Practice  and  Architecture  of  Bridges. 
5  volumes  and  supplement. 

Hydraulic  Motors.     Paris.     (Armengaud.) 

Boileau's  Treatise  on  Running  Water. 

Text  of  d'Arcy  on  Flow  of  Water. 

King's  Memoir  of  Cost,   &c,   Croton  Aque- 
duct. 

Schramke — Croton  Aqueduct. 

Stuart's    Naval    Dry   Docks   of    the   United 
States. 

Submarine  Propulsion.     Labrousse. 

North  Sea  Canal  of  Holland. 

Practical  Mechanics'  and  Engineers'   Maga- 
zine.    8  vols. 

Screw   Propeller,  History   and  Treatise.     J. 
Bourne. 

Early  German  Railway  Construction. 

From  American  Institute  of  Mining 
Engineers.  Dr.  R.  W.  Raymond,  Sec- 
retary, New  York: 

The  Law  of  the  Apex.     R.  W.  Raymond 

The  Pocahontas  Mine  Explosion.  J.  H.  Bram- 
well,  S  M.  Buck,  E.  H.  Williams. 

Proceedings  of  the  Fortieth  Meeting,  Phila- 
delphia, Sept.,  1884. 

The  Separation  of  Strata  in  Folding.     Fred. 
G.  Bulkley. 

The      Spence    Automatic      Desulphurizing 
Furnace      W.  H.  Adams. 

Notes  on  the  Rhode  Island  and  Massachu- 
setts Coals.     A.  B.  Emmons. 

The  Desilverization  of  Lead  by  Electrolysis. 
N.  S.  Keith. 
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An  Experiment  in  Coal  Washing.     Thomas 

M.  Drown. 
A  New  Pressure  Filter.     R.  P.  Rothwell. 
The  Determination   of   Phosphorus.    Josef 

Westesson. 
Notes  on  the  Patio  Process.    C  A.  Stetefeldt. 
The  Blake  System  of  Fine  Crushing.      T.  A. 

Blake. 
Fire  clays  and  Fire  Bricks  in  Sweden.    N. 

Lilienberg. 
Coal  Mining  in  the  Con  noils  ville  Coke  Keg  ion 

of  Pennsylvania.     John  Fulton. 
The  Vallecillo  Mines,  Mexico.    Richard  E. 

Chism. 
Note  on  Tantalite  and  Other  Minerals  Ac- 
companying   the   Tin    Ore   in   the    Black 
Hills.     0.  A.  Schaeffer. 
Transactions,  Vol.  XII,  June,  1883,  to  Febru- 
ary, 1884. 

From  Canadian  Institute       W.  H.  Van 
dcr  Smissen,   Corresponding  Secre- 
tary : 
Proceedings,  October,  1884. 

From  W.  W.  Card,  Pittsburgh,  Penn  : 
Fifty  copies  of  the  Instruction  Book  of  the 
Westinghouse  Air  Brake  Company. 
From  Edwin  Chadwick: 
Address  on  House  Drainage. 

From  Hon.  'William  E.  Chandler,  Sec- 
retary of  the  Navy,  Washington,  D. 
C: 
Examples,  Conclusions  and  Maxims  of  Mod- 
ern Naval   Tactics.     Bv  Commander  Wm. 
Bainbridge-Hoff,  U.  S.  N. 
The    Maritime  Canal  of  Suez   from   its  In- 
auguration,   November    17,    1869,   to    the 
Y.  .,  c  1884.      By  Prof.  J.  E.  Nourse,  U.  S.  N. 
Report  of  the  Exhibits  at  the  Crystal  Palace 
Electrical    Exhibition,    1882.     By    Ensign 
Frank  Sprague.  U.  S.  N. 
Papers  and  Discussions  on  Engines,  Boilers 

and  Torpedo  Boats. 
Observations  upon  the  Korean  Coast,  Japan- 
ese Korean  Ports  and  Siberia  made  during 
a. journey  from  the  Asiatic  Station  to  the 
United  States  through  Siberia  and  Europe, 
June  3  to  December  8,  1882.  By  Lieuten- 
ant B.  H.  Buckingham. 
Papers  and  Discussions  on  Experiments 
with  Steel. 

From  H.  W.  Clarke,  Syracuse,  N.  Y. : 
Report  of  the  Commissioners  on  the  Bound- 
ary Line  between  the  States  of  New  York 
and  New  Jersey 
A  Manual   of  the   Board   of  Supervisors   of 
Onondaga  County,  N.  Y.,  for  1884-5. 

From  Charles  Colue,  Secretary  of  the 
American   Committee   of    the    Uni- 
versal Interoceanic   Panama    Canal 
Company. 
The  Panama  Interoceanic  Canal. 

From  E.  L.  Corthell,  New  York  City  : 
Trhuantepec   Ship   Railway,    The  proposed 
Atlantic  and  Pacific  Ship  Railway.     From 
the  London    Times,   Aug,    21,   1884   (several 
copies). 

From  T.  R.  Crampton,  London,  Eng  : 
On   the    Advantages  of   Constructing.  Ven- 
tilating and  Working  Long   Railway  Tun- 
nels with  Three  Separate  Openings. 
Creuaement  du    Tunnel  Sous-Mann   Entre 

Calais  et  Douvres. 
Cramptou's   Hydraulic  System  for   Excavat- 
ing the  Channel  Tunnel  Automatically. 
Observations  Relating  to  the  Laying  of  the 
First  Submarine  Cable  I'.,  t  w  ecu  Dover  and 
Calais. 


From  J.  James  R.  Croes,  New  York 
City  : 

Fourteenth  Annual  Report  of  the  Trustees 
of  the  Water  Works  of  Columbus,  Ohio. 

Thirteenth  Annual  Report  of  the  Board  of 
Water  Commissioners  to  the  City  of  New 
London,  Conn.,  submitted  to  the  Annual 
City  Meeting,  September,  1884. 

Contract  and  Specifications  of  Column 
Foundations  North  of  the  Harlem  River. 

Contract  and  Specifications  for  Iron  Draw 
Bridge  Across  the  Harlem  River. 

Drawings  for  Column  Foundations  on  Nat- 
ural Ground,  and  on  Made  Ground. 

From  Joseph  P.  Davis,  New  York  City  : 

The  American  Bell  Telephone  Company  et. 
al.  against  The  People's  Telephone  Com- 
pany et.  al.,  in  Equity.  Opinion, Wallace, J. 

The  American  Bell  Telephone  Company  et. 
al.  vs.  The  People's  Telephone  Company 
et.  al  Arguments  of  Hon  Lysander  Hill 
and  Hon.  George  F.  Edmunds  for  the 
Defendants. 

The  American  Bell  Telephone  Company  et. 
al.  vs.  The  People's  Telephone  Company 
et.  al.,  with  Arguments  of  J.  J.  Storrow 
and  E.  N.  Dickerson.     For  Complainants. 

The  Speaking  Telephone  Interlerences.  De- 
cisions of  the  Examiners-in-Chief.  Cases 
A,  B,  C,  D,  E,  F,  G,  H,  I,  J  and  No.  1. 

From  Patrick  Doyle,   Madras,  India  : 
Tin  Mining  in  Larut. 

From    Engineers'   Club    of    Philadel- 
phia; Howard  Murphy,  Secretary  : 
Proceedings,  Vol.  IV.,  No.  3. 
List  of  Members,  June  1884. 

From   Engineers'   Society   of  Western 
Pennsylvania;  Jas.  H.  Harlow,  Secre- 
tary : 
Natural  Gas.  By  William  Metcalf. 
Will   a  Drowned   Person  Be   Raised   by  the 
Discharge    of    a   Cannon.      By   Jose      De 
Cuento. 
A  Specimen  of  Cast   Iron   Pipe.     By  James 

H.  Harlow. 
Continuation  of  the  Discussion   of  the   Re- 
port of  the  Committee  on  Natural  Gas. 
From  J.T.  Fanning,  C.E.,  Manchester, 
N.  H.: 
Homestead  and  Suburban  Sewerage. 

From  Robert  Fletcher,  Hanover,  N.H.: 
Catalogue   of     Dartmouth  College   and   the 
Associated  Institutions  for   the  Year  1884- 
1885. 

From   John    C.    Goodridge,   Jr.,   New 
York  City  : 
Beton   Coignet    and  Goodridge    System    of 
Constructing  and  Repairing   Railway  and 
other  Structures  (copies  for  distribution). 
From  Samuel    M.   Grav,   Providence, 
R.  I.: 
Proposed  Plan  for  a  Sewerage   System  and 
for  the  Disposal  of   the  Sewage  of   the  City 
of  Providence. 

From  F.  L.  Griswold,  Buenos  Aires  : 
Our   Merchant    Marine.      Address  of     John 
Roach,  Esq,,  of  New  York,  before  the  Com- 
mittee on  Post-Offices  and  Post-Roads. 
Address  of  John    Roach,   of  New   York,  be- 
fore  the   Committee  on  Post-Offices   and 
t'.  i-t  Roads. 
England's   Maritime  Policy  ;    the   Cause    of 
the  Decline  of  American  shipping.     John 
Roach. 
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Speech  of  Mr  John  Roach  before  Conven- 
tion of  Shipowning  and  other  Commer- 
cial Bodies  at  Boston,  October  7,  1880. 

The  American  Carrying  Trade,    John  Roach. 

A  Plea  for  American  Ships.  An  Address  by 
John  Roach. 

Benefits  of  the  Tariff  System,  from  the  North 
American  Review. 

Shall  Americans  Build  Ships  ?    John   Roach. 

The  International  Review,  containing  paper 
on  "  What  the  Tariff  Laws  Have  Done  for 
Us."     John  Hoach. 

From  Messrs.  Havestadt  and   Contag, 

Regierungs       Baumeister,      Berlin, 

Prussia  : 

Project  einer  Neuen  Oder  Weiehsel-Verbind- 

ung    Mittelst    eines   Oder-Warthe    Netze- 

Canals. 

Projekt  einer  Neuen  Schlesisch-Miirkischen 

Kanal-Verbindung  Furstenberg,  Berlin. 
Die  Sundhafen  Diineinarks  und  Schwedens 
von  Christian  Havestadt.  Regierungs 
Baumeister,  Privat  docent  un  der  Konigl. 
Technischen  Hochschule  zu  Berlin.  Aus 
Dem  Berichte  der  Schiukel  rein,  1878. 
Sud-West  Kanal  Berlin-Wanusee.  Projekt 
einer  Linie  uber  Wilinersdorf. 

From    Dr.    Elisha     Harris,    Secretary 
State  Board  of  Health,  Albany,  N.  Y.: 
Fourth  Annual  Report  of  the  State  .board  of 
Health  of  New  York. 

From  Gen.   W.  B.  Hazen,  Chief  Signal 
Officer  U.  S.  A.  : 
The  Effect  of  Wind-currents  on  Rainfall. 

From  Wilhelm  Hildenbrand.C.  £.,  New 
York  City  : 
The  underground   haulage  of   coal  by  wire 
ropes.    Including  the  system  of  wire  rope 
tramways  as  a  means  of  transportation  for 
mining  products.     W.  Hildenbrand,  C.  E. 
From  Prof.  Julius   F. .  Hilgard,   Super- 
intendent  U.S.  Coast  and  Geodetic 
Survey,  Washington,  D.  C: 
The  Late  Attacks  upon  the  Coast  and  Geodetic 

Survey. 
Report  of  the  U.S.  Coast  and  Geodetic  Survey 
for  1883. 

From  J.  C.  Hoadley,  Boston,  Mass.: 
Steam  Engine  Practice  in  the  United  States, 
1884,  by  J.  C.   Hoadley. 

From   William   A.   Ingham,   Secretary 

Board     of     Commissioners     Second 

Geological  Survey  of  Pennsylvania  : 

Maps  and  Charts  of  Cameron,  Elk  and  Forest 

Counties . 

From   the  Institution   of  Civil   Engi- 
neers,   James     Forrest,    Secretary, 
London : 
Proceedings,  Vol.  LXXVIII. 
Brief  subject  Index.     Vols.  LIX  to  LXXVIII  ; 

Sessions  1879-80  to  1883-'84. 
On  the  Electric  Light.      Alfred  Richard  Sen- 

nett. 
The    Comparative     Merits     of    Engines    for 

Pumping.     William  Edmund  Rich. 
Abstracts  of  Papers  in  Foreign  Transactions. 

and  Periodicals. 
On  the  Antiseptic  treatment  of  Timber.     S. 

B.  Boulton. 
The  size  and  inclination  of  Sewers.     Alfred 

E.  White. 
Coaling  at  the  Nine  Elms  Gas  Works.  Robert 

Morton. 
Lighthouse  apparatus    for  dipping  Lights. 
Alan  Brebner. 


The    New    Harbor    of   Trieste.       Frederick 

Bomches. 
Light  Draught  Launch.     Edward  Woodrowe 

Cowan  and  James  Fawcus. 
Old  Water  Supply  of  Seville.       George  Hig- 

gin. 
A  Dioptric  System  of  Uniform  Distribution 

of  Light.     Alexander  Pelham  Trotter,  B.A. 
On  the  Passage  of  Upland  Water  through  a 

Tidal  Estuary.     R.  W.  Peregrine  Birch. 
Wood  Pavement  in   the  Metropolis.     George 

Henry  Stayton. 
On  the  Area  of  Sluice  Opening  necessary  for 

the  Supply  Sluice  of  a  Tidal  Canal.     James 

Henry  Apjohn. 

From  Institution  of  Civil  Engineers  of 
Ireland: 
Transactions.     Vol.  XIV. 

From  the  Institute  of   Engineers  and 
Shipbuilders,  Glasgow,  Scotland  : 
Transactions.     Vol.  XXVII. 

From  the  Iron  and  Steel  Institute,  J. 
S.  Jeans.  Secretary,  Loudon,  S.  W.: 
The  Journal  of  the  Institute.     No.  1.     1884. 
From   Institution   of  Mechanical   En- 
gineers, Walter  R.  Browne,  Secretary, 
London  : 
Proceedings,  August,  1884. 
Proceedings,  November,  1884. 

From  Lieutenant  William  H.  Jacques, 
U.  S.  Navy : 
Proceedings   of    the  U.  S.   Naval  Institute. 
Vol.  X,  No.  4. 

From  E.  Kuichling,  Rochester,  N.  Y. : 
Water  and  Health.  Reprinted  by  the  Spongy 
Iron  Filter  Company,  22  New  Oxford  street, 
London. 
Pamphlet  in  reference  to  the  Spongy  Iron 
Water  and  Sewage  Purifying  Company, 
Limited. 

From  E.  D.   Leavitt,  Jr.,   Cambridge- 
port,  Mass.: 
Pumping  Machinery — A  paper  for  the  Mon- 
treal Meeting   of  the  British   Association, 
1884. 

From  H.  C.  Mais,  Adelaide,  South  Aus- 
tralia : 
Report  on  Observations   on  Railways  during 
a  tour  in  1883,  by  H.  C.  Mais,  Eng. -in-Chief. 
Illustrations  accompanying  the  Report  of  the 
Engineer-in-Chief,  H.  C.  Mais,  on  observa- 
tions on  Railways  made  during  his  tour  in 
1883. 

From  George  A.  Marr,  St.  Paul,  Minn.: 
Report  on  Current  Meter  Observations  in 
the  Mississippi  River,  near  Burlington, 
Iowa,  during  the  month  of  October,  1879, 
illustrated  by  one  sketch  and  forty-one 
plates,  by  Major  Alexander  Mackenzie, 
U.  S.  A. 

From  Master  Car  Builders'  Association, 

M.  N.  Forney,  Secretary,  New  York 

City: 

Report  of  the  Proceedings  of  the  Eighteenth 

Annual    Convention    of    the    Master    Car 

Builders'  Association,  held  in  Saratoga,  N. 

Y.,  June  10,  11  and  12,  1884. 

From  Isaac  H.  McEwen,  Buffalo,  N.  Y.: 
Proceedings  of  the  First  Annual  Meeting  of 
the  American  Train  Despatchers'  Associa- 
tion, held  at  Louisville,  K.y.,  August  20-22, 
1884. 

From  C.  A.  McNeale, Secretary  Chamber 
of  Commerce,  St.  Paul,  Minn.: 
Annual  Report  of  the  Chamber  of  Commerce 
of  St.  Paul,  Minnesota. 
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From    Midland    Institute  of  Mining, 
Civil    and     Mechanical     Engineers, 

Joseph  Mitchell,  Secretary,  Barusley, 
England  : 
Transactions.     Vol.    IX,    Parts   LXXIII    and 
IAXIY. 

From  the  military  Service  Institution 

of    the    United    states,   Governor's 

Island,  New  York  Harbor  : 

Journal  of  the  Institution.      Vol.  II,  Nos,  5, 

6,  7  and  8.     Vol.  m,  Nob.  9,10  and  12.   Vol. 

IV,  Nos.  13,  14  and  15.     Vol.  V,  Nos.  17,  18, 

19,  and  20. 

From    Mining   Institute  of   Scotland, 
James  Barrowrnan,  Secretary,  Hamil- 
ton : 
Transactions.     Vol.  VI,  Parts  IV  and  V. 

From   George   S.    Morison.  New  York 

City  : 

Letter  of  Gen.  Adna  Anderson,  Engiueer-in- 

Chief  N.  P.  K.  R.  Company  to  Henry  Villard. 

From  Naval  Institute,  Annapolis.  Md  : 

Proceedings.     Vol.  IX,  No.  4. 

From  Prof.  Simon  Neweomb,  U.  S.  N., 
Washington,  D.  C: 
Astronomical  Papers,  prepared  for  the  use  of 
the  American  Ephemeris  and  Nautical  Al- 
manac.    Vol.  Ill,  Parts  II  and  III. 

From  Gen.  John  Newton,  Chief  of  Engi- 
neers, U.  S.  A.,  Washington  : 
Advertisement,  Specifications  and  Proposals 

as  follows  : 
Dredging  in  the  Bay  of  Superior  and  in  the 
St    Louis  River  Channel  within  Superior 
Bay,  Wisconsin. 
United  States  Harbor  Improvement,  Lu ding- 
ton.,  Mich. 
Improvement  of  Currituck  Sound,  N.  C. 
Dredging  in  Newport,  Harbor,  R.  I. 
United   States  Harbor  Improvement,  Grand 

Haven,  Mich. 
Improving  Gowanus  Bay,  New  York. 
Improving  Wilmington  Harbor,  Delaware. 
United  States  Harbor  Improvement,  Manis- 
tee, Mich. 
United  States  Harbor  Improvement,  Charle- 
voix, Mich. 
United  States  Harbor  Improvement,  Muske- 
gon, Mich. 
Improvement  Harbor  at  Dunkirk,  N.  Y. 
Improving  Newtown  Creek,  New  York. 
Improvement  of  Y'ork  Biver,  Virginia. 
Dredging  in  Providence  River,  Rhode  Island. 
Improvement    of   Upper  St.    John's    River, 

Florida. 
For  Removal  of  Wrecks  in  Harbor  at  New 

Orleans,  La. 
Improving  Caloosahatchie  River,  Florida. 
Improving  Harbor  at  Cedar  Keys,  Florida. 
Improving  Suwannee  River,  Florida. 
For    Rock     Excavation     and    Dredging     in 

Taunton  River,  Massachusetts 
Improvement  of  Harbors  at  Washington  and 

Georgetown.  D.  C. 
For  Dredging  Lubec  Channel,  Maine. 
Stone  for  Delaware  Breakwater  Harbor. 
For    Furnishing    Rip -Rap    Granite   for    the 

Breakwater  at  Block  Island,  R.  I. 
For  Dredging Mooseabec  Bar,  Maine. 
For  Supplies  and  Material. 
Improving  Corsica  Creek,  Maryland. 
Improving  Choptank  River,  Maryland. 
Schedules   of    Supplies   and   Material,    Gro- 
ceries and  Provisions. 
Improvement  of  Volusia  Bar,  Florida. 
Improving  Harbor  at  Cedar  River,  Michigan. 


Improving  Bayou  Bartholomew,  Lotiisiana. 

Improving  Flushing  Bay,  New  York. 

Dredging  in  the  Harbor  of  Grand  Marais, 
Cook  County,  Minn. 

For  Building  Thirteen  Model  Bar^i -s. 

For  Repairs  to  Fort  Wayne,  Mich. 

Proposals  for  Groceries,  Supplies. 

Improving  the  Snake  River,  Oregon  and 
Wyoming  Territory. 

Improving  Harbor  ai  Sabine  Pass,  Texas. 

Improving  Appomattox  River,  Virginia. 

Dredging  in  the  Inside  Harbor  of  Duluth, 
Minnesota. 

Improving  Cape  Fear  River. 

Proposals  for  stationery  Supplies. 

For  Extending  the  Eastern  Breakwater  in 
Stonington  Harbor,  Connecticut. 

Dredging  Saginaw  Biver.  Michigan. 

Dredging  Bar  at  Mouth  of  Saginaw  River, 
Michigan. 

Improving  Harbor  at  Norfolk,  Virginia. 

Dredging  in  Pautucket  River,  Rhode  Island. 

Improvement  of  Romerly  Marsh,  Georgia. 

Improvement  of  Savannah  Harbor  and 
River,  Georgia. 

Improving  Cape  Fear  River,  North  Carolina. 

Improving  the  Snake  River,  Oregon  and 
Wyoming  Territory 

Removal  of  Wreck  of  Ship  "  ParkrJeld." 

Improvement  of  Breton  Bay,  Maryland. 

Improving  Harbor  at  Georgetown,  South 
Carolina. 

Dredging  in  Wareham  Harbor,  Massachu- 
setts. 

Dredging  in  the  Harbor  of  Refuge,  at  Wood's 
Hole,  Massachusetts. 

Improvement  of  the  Altahama  River, 
Georgia. 

Levee  Work — General  Instructions  for  Bid- 
ders, and  Specifications  for  Levee  Work. 

Kentucky  River  Improvement. 

Improvement  of  Wabash  River,  Indiana  and 
Hlinois. 

Improvement  of  St.  Jerome's  Creek,  Mary- 
land. 

Improving  Wicomico  River,  Maryland. 

Removal  of  Hull  and  Machinery  of  Dredge 
Boat,  Wrecked  at  Oakland  Landing,  San 
Joaquin  River. 

Improving  Susquehanna  River,  Maryland. 

Improvement  of  Schuylkill  River,  Pennsyl- 
vania. 

Improving  Harbor  at  Ashtabula,  Ohio. 

Improving  Chicago  Harbor,  Illinois. 

Improvement  of  Savannah  River,  below 
Augusta,  Ga. 

Statement  showing  Rank,  Duties  and  Ad- 
dresses of  the  Officers  of  the  Corps  of 
Engineers. 

From  New  York  Meteorological 
Observatory,  Department  of  Public 
Parks,  Dr.  Daniel  Draper,  Director, 
New  York  City  : 

Abstract  of  Registers  from  Self-recording 
Instruments.  September,  October  and 
November,  1884. 

From  Hon.  Joseph  Nimmo,  Jr.,  Chief 
of  Bureau  of  Statistics,  Washington, 
D.  C.  : 

The  Annual  Report  on  the  Foreign  Com- 
i of  the  United  States  for  the  year  end- 
ing June  30.  1884. 

From  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers, 
Theodore  Wood  Bunning,  Sceretary, 
Newcastle-on-Tyne  : 

Transactions,  Vol.  XXXHI.    Part  VI. 
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From  Albert  F.  Noyes,  Newton,  Blass.  : 
Annual  Report  of  the  City  Engineer  for  the 
year  1885. 

From  Ferderieo  Olaechea,  Secretary 

Escuela    Especial    de     Construcciones 

Civiles  y  de  Minas,  Lima,  Peru  : 

Annales    Publicad.es    por    la     Escuela   Con- 

strucciones  Civiles  y  de  Minas,  Tomo  IV. 

From   Ordnance   Department,   U.  S, 
A.,  Gen.  S.  V.  Benet,  Chief,  Washington, 
D.  C.  : 
The   Manufacture  of  Steel  and  its  Applica- 
tion   to   Military    Purposes.     Captain     G. 
Mack  inlay. 
Metrological    Investigations.     Capt.    O.     E. 

Michaelis. 
Index  to  Ordnance  Notes,  Vol.  XI. 

From  Luis  G.  Orozco,  Colegio  Rosales. 
Culiacan,  Mexico  : 
Reglamento   Interior    del   Colegio    Nacional 

Rosales  Culiacan,  1882. 
Leyes  y  Reglamentos  de  Instruction  Publica 
del  Estado  de  Sinaloa,  Culiacan,  1882. 

From  Second  Geological  Survey  of 
Pennsylvania  : 
Coal,  Flora,  Text  and  Plates,  Vol.  III. 
Beecher  and  Hall,  part  3. 


Grand  Atlas  Division,  II. 
Anthracite  Coal  Fields,  Part  I . 

From  State  Board  of  Health,  Lunacy 
and    Charity    Department    of  Health, 
Boston,  Mass  : 
Fifth  Annual  Report  of  the  State  Board  of 
Health,    Lunacy   and    Charity    of    Massa- 
chusetts. 

From  Isaac  W.  Smith,   C.    E.,   New 

Tacoma,  W.  T.: 

The  Theory  of  Deflections  and  of  Latitudes 

and  Departures,  with   special  application 

to  Curvilinear  Surveys  for  alignments  of 

Railway  Tracks. 

From  United  States  Naval  Observa- 
tory, Washington : 
"  Astronomical  and  Meteorological  Observa- 
tions made  during  the  year  1880." 

From  E.  B.Weston,  Providence,  R.I.: 
A    General  Description  of    the    Providence 
Water  Works. 

From   H.    F.   Walling,    Copake  Iron 
Works,  N.  Y.: 
Co-operation   between    National    and    State 
Governments  iu  Topographical  Surveys. 
From  other  Sources  : 
The  American  Exhibition,  London,  1886. 
Artificial  Stone  from  Lime  and  Sand. 
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MEMBERS. 


Date  of  Election. 


Camp,  Frederick  Armand Steam  Heating  Engineer,  304  First 

ave.,  South,  Minneapolis,  Minn  .Sept.  3,  1884. 

Fleld,    Burr    Kellogg Bridge    Superintendent,    City     of 

Philadelphia,  City  Hall,  Phila- 
delphia, Pa Oct.  1,  1884. 

Henning,  Charles  Sumner.  . .  .Piano,  Kendall  Co.,  Ill Jan.  7,  1885. 


Flad,  Edward Water    Commissioner's    Office,   St. 

Louis,  Mo Jan.  7,  1885. 
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Vol.  XL— April,  1885. 
MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


April  1st,  1885. — The  Society  met  at  8  p.  m.,  President  Frederic 
Graff  in  the  chair;  John  Bogart,  Secretary.  Ballots  were  canvassed, 
and  the  following  candidates  elected  as  Members:  Andrew  Bryson, 
Washington,  D.  C. ;  Matthew  Joseph  Butler,  Napanee,  Ontario,  Canada; 
Edwin  Peleg  Dawley,  Providence,  R.  I. ;  William  Durfee  Gelette,  San 
Francisco,  Cal. ;  Heliodore  John  Hilbert,  Milwaukee,  Wis. ;  Louis  Rob- 
erts Walton,  Earlington,  Ey. ;  Frank  Wallace  Whitlock  (elected  Junior 
October  4th,  1876),  Waterbury,  Conn. 

The  President  announced  that  he  had,  under  the  provisions  of  a  reso- 
lution of  the  Society,  appointed  Messrs.  H.  Stanley  Goodwin,  C.  C. 
Waite  and  J.  F.  Barnard  a  committee  to  present  the  subject  of  time 
reform  to  the  railway  time  conventions. 

The  paper  by  E.  L.  Corthell,  M.  Am.  Soc.  C.  E.,  The  South  Pass 
Jetties;  Ten  Years'  Practical  Teachings  in  River  and  Harbor  Hydraulics, 
was  discussed  by  Messrs.  William  E.  Merrill,  Whittemore,  Comstock, 
Boiler,  J.  C.  Post,  North,  Wiley,  Cooper,  Worthen  and  Adams. 

April  15th,  1885. — The  Society  met  at  8  p.  m.,  Vice-President  G.  S. 
Greene,  Jr.,  in  the  chair;  John  Bogart,  Secretary.  The  discussion  on 
the  paper  on  the  South  Pass  Jetties;  Ten  Years'  Practical  Teachings  in 
River  and  Harbor  Hydraulics,  was  continued  by  Messrs.  McMath,  Sav- 
age, Chanute,  Bixby,  Le  Baron,  Gillmore  and  Corthell. 

The  death  was  announced  of  Henry  M.  Wightman,  M.  Am.  Soc.  C. 
E.,  elected  Member  April  2d,  1873;  died  April  3d,  1885. 
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April  15th,  1885. — Applications  were  considered.  Financial  busi- 
ness was  transacted. 

April  29th,  1885. — Applications  were  considered.  Action  was  taken 
as  to  Members  in  arrears  for  dues.  The  time  and  place  for  the  next 
Convention  were  considered,  and  a  committee  appointed  to  perfect 
arrangements. 


ADDITIONS  TO 

LIBRARY    AND    MUSEUM. 


From  E.  Prince,  Quincy,  111. 

Report  for  year  ending  June  30.  1879,  of 
the  Officers  of  the  Water  Works  of  Norfolk, 
Va. 

Message  of  John  S.  Tucker,  Mayor  of  the  City 
of  Norfolk,  Va.,  to  the  Select  Common 
Council,  together  with  Municipal  Reports 
for  the  six  months  ending  June  30,  1875, 
and  year  1876. 

Report  of  the  Board  of  Water  Commissioners 
of  Norfolk,  Va,  January  1, 1877  (2  copies), 
August  4,  1877-1878. 

Report  and  Plans  of  the  Hon.  W.  J.  McAlpine 
tor  a  Supply  of  Water  for  the  City  of  Nor- 
folk.   February,  1871. 

Report  of  the  Board  of  Water  Commissioners 
of  the  City  of  Norfolk,  with  Rules,  Regula- 
tions and  Ordinances,  for  the  'tiscal  year 
ending  June  30,  1878. 

Report  of  the  Trustees  of  the  Dayton  Water 
Works  to  the  City  Council  of  Dayton,  Ohio, 
together  with  the  Reports  of  the  Officers  of 
the  Board  for  the  year  ending  December 
31,  1873;  also  Annual  Report  for  the  year 
1877. 

Fourth,  Fifth  and  Seventh  Annual  Reports 
of  the  Trustees  of  the  Water  Works,  Dayton, 
Ohio,  for  the  years  1874,  1875-1877  (2  copies 
of  1877). 

Annual  Reports  of  the  Bangor  Water  Board 
for  the  municipal  years  1877  to  1882,  inclu- 
sive. 

Semi-Annual  Report  of  the  Chief  Engineer 
and  Superintendent  of  the  St.  Louis  Water 
Works.  November  1,  1876,  1872-1873  (3 
copies).     May  1,  1877  (5  copies). 

Message  of  William  Lamb,  Mayor  of  the  City 
of  Norfolk,  Va.,  to  the  Select  and  Com- 
mon ponneils,  together  with  Municipal 
Reports  for  the  twelve  months  ending 
June  30,  1882. 

Second,  Fourth  and  Sixth  Annual  Reports  of 
the  Water  Works  Department  of  the  City  of 
Marshaltown,  Iowa.     1879,  1881  and  1883. 

Thirty-first  Annual  Report  of  the  Board  of 
Water  Commissioners  to  the  Common 
Council  of  the  City  of  Detroit,  Mich.,  for 
the  year  1882. 

Fourth  and  Fifth  Annual  Meetings.  Reports 
of  the  Directors  to  the  Stockholder.",  Lam- 
bertville  Water  Works,  Lamberiville,  N. 
J.     March  9,  1881,  and  March  10,  1882. 

The  Eyster  Improved  Water  Motor. 


Annual  Reports  of  the  Chief  Engineer  of  the 
Water  Department  of  the  City  of  Philadel- 
phia for  the  years  1876  to  1881,  inclusive. 

Rex>ort  of  the  board  of  Water  Commissioners, 
submitted  to  the  Comptroller  of  the  City  of 
St.  Louis.  1871  (2  copies),  1872  and  1873 
(2  copies). 

Statement  of  the  Finances  of  the  City  of 
Peoria,  for  the  fiscal  vears  ending  Decem- 
ber 31,  1871  and  1876. 

Reports  of  the  Water  Commissioners,  Water 
Registrar  and  Superintendent  of  Maiden, 
Mass.,  for  the  year  ending  December  31, 
1876,  to  1879  and  1881. 

Water  Commissioners'  Report  of  the  City  of 
Springfield,  111.,  for  the  years  1877  and 
1880. 

Report  of  the  Board  of  Water  Commissioners, 
submitted  to  the  City  Council  of  the  City 
of  St.  Louis,  May  1,  1868,  1870;  May  1,  1871; 
November  1,  1872;  May  1,  1874,  and  Novem- 
ber 1,  1874(2  copies). 

Reports  of  the  Water  Commissioners,  Pru- 
dential Committee  and  Commissioners  of 
Main  Drains,  &c,  of  the  Pittsfield  Fire  Dis- 
trict, for  1868  and  1869. 

Report  of  the  Board  of  Water  Commissioners 
of  Springfield,  111.  1869,  1871,  1873  and 
1874. 

Rules  and  Regulations  for  the  Government 
and  Protection  of  the  La  Fayette,  Ind., 
Water  Works,  together  with  the  Tariff  of 
Water  Rates. 

Reports  of  the  City  Engineer,  Supt.  Water 
Works  and  Chief  of  Fire  Department  of  the 
City  of  La  Fayette,  Ind.,  for  the  year  end- 
ing April  30,  1877  12  copies). 

History  of  the  Bangor  Water  Works,  from 
the  commencement,  while  under  the 
charge  of  the  first  Board  of  Commissioners. 
1877. 

Fifth,  Sixth  and  Seventh  Annual  Reports  of 
the  Lawrence  Water  Board  to  the  City 
Council,  with  the  Superintendent's  An- 
nual Reports,  for  the  years  1880,  1881,  1882. 

Second  Aunual  Report  of  the  Water  Commis- 
sioners and  Superintendent  of  Water 
Works  of  the  Town  of  Pawtucket,  R.  I. 
February  1,  1882. 

By-Laws,  Rules  and  Regulations  of  the 
Covington  City  Water  Works,  as  adopted  by 
the  Board  of  Commissioners,  March  10, 
1876. 


APRIL    PROCEEDINGS. 


67 


Report  of  the  Chief  Engineer,  Providence 
Waterworks.    January,  L871. 

Statement  of  the  Finances  of  the  City  of 
Peoria  for  the  fiscal  year  ending  December 
31,  1875,  together  with  the  Treasurer's  and 
Collector's  Accounts. 

The  Mayor's  Message,  with  Accompanying 
Documents,  to  the  Municipal  assembly  of 
the  City  of  St.  Louis.     IS79. 

Eleventh  and  Twelfth  Annual  Reports  of  the 
Salem  Water  Board  to  the  City  Council. 
December,  1879,  1880. 

Charter  and  Rules  and  Regulations  made  by 
the  Board  of  Water  Commissioners  of  the 
City  of  South  Nor  walk. 

Report  of  the  Department  of  Public  Works 
of  the  City  of  New  York  for  the  quarter 
ending  September  .  o.  1877,  and  March 
31,  1879. 

The  Mayor's  Message,  together  with  the  Re- 
ports of  City  ( ifficers  of  the  City  of  (.mincy, 
111.,  for  the  years  ending  .March  31,  1874, 
1876  and  1877. 

Report  on  the  Sewerage  of  the  City  of 
Quincy,  111.     1877  (2  copies). 

Annual  Reports  of  the  Trustees  of  the  City 
Water  Works  of  Cincinnati  for  the  years 
ending  December  31,  1S07,  1871,  1873. 

Mississippi  River  Improvement.  Conven- 
tion held  at  Quiucy,  IU.,  October  15  and 
10,  1879. 

Annual  Report  of  the  City  Officers  of  the  City 
of  Rockford,  111.,  for  the  municipal  year 
ending  May  3,  1880. 

Annual  Report  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Chelsea,  for  the 
year  ending  November  30,  1877. 

Report  of  the  Superintendent  of  the  City  of 
Norwich  Water  Works  to  the  Board  of 
Water  Commissioners,  from  April  1,  1878, 
to  March  31,  1879. 

Capacity  and  cost  of  proposed  Water  Works 
extension  in  Cincinnati. 

Articles  of  Incorporation  of  the  Dubuque 
Water  Co.,  together  with  Ordinances  and 
By-Laws  relating  to  the  same. 

Laws,  Ordinances  and  By-Laws  for  the 
Management  and  Protection  ot  the  Dayton 
Water  Works,  as  amended  and  adopted  by 
the  Hoard  of  Trustees,  April  22,  1875. 

i;  ports  of  the  Newark  Aqueduct  Boardofthe 
city  i>f  Newark,  presented  December  1, 
1870;  also  Annual  Reports  for  years  ending 
November  30, 1878,  ISSOaud  1881,  and  Rules 
ami  Regulations  of  the  Newark  Aqueduct 
Board  governing  the  supply  of  water  for 
the  City  ol  Newark,  N.  J. 

Report  -it  the  ^.cushnet  Water  Board  to  the 
city  Council.  December  l.  l»T4  ;  also 
Seventh  Annual  Report,  !  »i  cember  27,  1876. 

Regulations  of  the  Board  of  Water  Commis- 
Biom  is  .it  the  City  oJ  Detroit,  January  1. 
1873;  also  Twenty-second  Annual  i 

for  the  year  1873. 

Repori  ol  the  Water  Commissioners  to  the 
Common  Council  of  the  city  of  Albany, 
transmitting  tin-  Report  of  the  Superin- 
tendent ot  t  lie  Water  Works  tor  the  years 
1861,  1863,  1864,  lfc66,  1868,  186 

The  Apena  (  its  Wat  a  und<  r 

which  the  Company  is  Organized. 

First  Annual  Report  of  the  Trustees  of  the 
Sandusk3     Water  Works,  from  date  of  or- 
ganizationto  Decenber  31,  1876  (2i 
also  Third  Annual  Report,  January  1,  1879. 

Annual  Reports  of  the  Board  of  Wat!  i 


of  the  Citv  of  Toledo,  Ohio,  for  the  years 
1878,  1879,  1881. 

A  Table  of  General  Information  Concerning 
tic  Water  Works  of  the  United  States  and 
Canada  in  IsTS  ,::  o  .pies). 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners of  Atlanta,  tia.,  for  the  years 
1876  and  1877. 

Annual  Reports  of  the  chief  Engineer  of  t lie 
Water  Department  to  the  Citj  Council  of 
Wilmington  for  the  years  1878  and  1881 
(2  copies). 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners for  1873  and  1874,  of  East  Sagi- 
naw, Michigan;  also  Rules  and  Regulations 
of  the  same  governing  the  use  of  water. 

The  City  Clerk's  Einaucial  Statement,  Report 
of  the  Committee  on  Holly  Water  Works, 
and  the  City  Engineer's  Report,  giving 
length  of  pipe  laid  and  location  of  pipe, 
hydrants,  etc.   (2  copies). 

Sixth,  Eighth,  Ninth  and  Tenth  Annual 
Keports  of  the  Superintendent  of  Water 
Works  to  the  Board  of  Water  Commis- 
sioners of  Bay  City,  Michigan. 

Third  and  Fourth  Annual  Reports  of  the 
Water  Commissioners  of  the  City  of  Fitch- 
burg,  Mass. 

First,  Second  and  Third  Annual  Reports  of 
the  Water  Commissioners  of  the  City  of 
New  Brunswick,  N.  J. 

Seventh  Annual  Report  of  the  Water  Com- 
missioners of  the  village  of  Saratoga 
Springs,  lor  the  year  ending  March  31, 
1879. 

Twenty -second  Annual  Report  of  the  Water 
Commissioners  of  the  City  of  New  Britain, 
Conn.,  for  the  year  ending  April  1, 1879. 

City  of  Springfield.  Seventh  Annual  Report 
of  the  board  of  Water  Commissioners  to  the 
City  Council,  together  with  the  Reports  of 
the  Registrar  and  superintendent,  for  the 
year  1880. 

City  of  Poughkeepsie.  Third,  Eighth  and 
Ninth,  and  Fourteenth  Annual  Reports  of 
the  Water  Commissioners. 

Annual  Reports  of  the  Dayton  Water  Works 
for  the  years  1880  and  1881. 

Annual  Report  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Manchester  for 
the  year  ending  December  31,  1881. 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners to  the  City  of  New  London  for 
1877,  187'.),  1881  and  1882. 

Annual  Reports  of  the  Citv  Officers  of  the 
City  of  Bloomington,  111.,' 1876  to  1880,  in- 

clllsix  e. 

Tenth  Annual  Report  of  the  Water  Board  of 

t  he  ( )itj   ol    1  ,\  mi.   \l;i  --.,  lor  i  h,     j  ear  end- 

i  lecember  31,  1881    'J  copies  . 

Third,     Fourth,    Sixth     and     Ninth     Annual 

Reports  of  the  Board   of  Water  Co iis- 

Bioners   to    tin-    Common  Council  of  the 

City  ot  East  Saginaw,  Mich. 
Reports  of  I  tie  w  a'    rDe]  1 1  ■!  mi  at  oft  be  <  'it  \ 

Of  C  "iiden,  N.  .1  .  for  1878  and    1880. 
Annual  Reports  of  the  Board  of  Water  Com- 
ioners  of  the  City  of  Holyoke,   Mass., 

1st-  to  1880 
Annual    Report    of  the   New   Orleans    Water 

Works  Company  to  the  Board  of  Dir< 

April  L0,  1881  and  1882. 
Tenth  and  Eleventh  Annual  Reports  of  the 

Board  ol  Wati  r  Commiss  toners  ot  Concord, 

N.  H.,  to  the  City  Council. 
Thirteenth  Annual  Report  of  the  Wat. 

missioner  of  the  City  of  Newburgh,  N.  V., 
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to  the  Common  Council,  for  the  year  end- 
ing March  10,  1879 

Annual  Report  of  the  Rock  Island  City 
Water  Works  for  the  year  ending  February 
28,  1877. 

Eighth,  Tenth,  Thirteenth  and  Fourteenth 
Annual  Reports  of  the  Buffalo  City  Water 
Works  (2  copies). 

The  Twenty-sixth  and  Twenty-seventh 
Annual  Reports  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Hartford,  Conn., 
to  the  Court  of  Common  Council,  for  the 
years  ending  March  1,  1880  and  1881. 

Report  of  the  Water  Commissioners  of  the 
town  of  Westfield,  Mass.,  on  the  Construc- 
tion of  the  Water  Works,  December,  1875. 

Annual  Report  of  the  Mayor,  and  Reports  of 
the  several  Departments  of  the  City  of 
Middletown,  Conn.,  for  the  year  ending 
January  1.  1881. 

Report  of  Professor  Nichols  to  the  Water 
Commissioners,  Springfield,  Mass. 

Cast-iron  Water  and  Gas  Pipe  Manufactured 
by  the  Cincinnati  and  Newport  Iron  and 
Pips  Company,  Newport,  Ey. 

Annual  Reports  of  the  Superintendent,  Secre- 
tary and  Engineer  of  the  City  Water  Works 
to  the  Board  of  Public  Works  of  Cincinnati 
for  the  fi  cal  years  1877  and  1878.  Annual 
Report  of  the  Trustees  for  the  year  1867. 

Annual  Reports  of  the  Chief  Engineer  of  the 
City  Fire  Department  of  Covington,  Ky., 
for  the  years  1877,  1878  and  1879. 

The  Revised  Ordinances  of  the  City  of  Belle- 
ville, 111.,  1879. 

Third,  Sixth.  Tenth  and  Eleventh  Annual 
Reports  of  the  Trustees  of  the  Water  Works 
of  Columbus,  Ohio,  for  the  years  1873, 1876, 
1880  and  1881. 

First  Report  of  the  Superintendent  and 
Secretary  of  the  Burlington  Water  Works 
to  the  Burlington  Water  Company  from 
acceptance  of  Works,  June  1,  1878,  to 
January  1,  1880  (2  copies). 

Rules  and  Regulations  adopted  by  the  Water 
Commissioneis  of  the  City  of  Poughkeepsie 
in  relation  to  Water  and  Sewers. 

Eighth,  Tenth  and  Eleventh  Annual  Reports 
of  the  Prudential  Committee  of  the  North 
Adams  Fire  District,  for  the  years  1877, 
187Uand  1880. 

Reports  of  the  Board  of  Water  Commissioners 
of  the  town  of  Melrose  for  the  years  1873 
to  1878  and  1880. 

Fifth  and  Sixth  Annual  Reports  of  the  San- 
dusky Water  Works  to  the  City  Council, 
Sandusky,  Ohio,  January  1,  1881,  and 
December  31,  1881  (2  copies). 

Annual  Reports  of  the  Trustees  of  the  Water 
Works  of  the  City  of  Zanesville,  Ohio,  for 
the  years  1877  and  1879. 

Annual  Reports  of  the  Newport  Water  Works 
to  the  Board  of  Councilmen  for  the  years 
1876,  1879  and  1881. 

Annual  Reports  of  the  Board  of  Public 
Works  and  City  Surveyor  of  the  City  of 
Grand  Rapids,  Mich.,  for  the  years  1881 
and  1882. 

Eleventh  and  Twelfth  Reports  of  the  Board 
of  Water  Commissioners  of  the  City  of 
Waterbury  to  the  Court  of  Common  Coun- 
cil. 

Report  of  Duty  Test  of  Pumping  Engines  at 
Memphis,  Tenn  ,  January,  1882. 

Fourth  and  Fifth  Annual  Reports  of  the 
Water  Works  of  the  City  oi  Bridgeton,  N. 
J.,  for  the  vcars  1881  and  1882. 


First  and  Third  Annual  Reports  of  the  Water 
Commissioners  of  the  City  of  London, 
Ontario,  Canada,  1879  and  1882  (3  copies  of 
1879).' 

Annual  Reports  of  the  Superintendent  of 
the  Montreal  Water  W'orks  for  1873,  1876, 
1880,  1881. 

Eighth  and  Ninth  Annual  Reports  of  the 
Water  Commissioners,  Waltham,  Mass. 

Eighth  and  Ninth  Annual  Reports  of  the 
Lowell  Water  Board  of  the  City  of  Lowell, 
Mass. 

Seventh  and  Eighth  Annual  Reports  of  the 
Board  of  Water  Commissioners,  Spring- 
field, Mass.,  together  with  the  Reports  of 
the  Registrar  and  Superintendent- 
Report  of  the  Department  of  Public  Works 
of  the  City  of  New  York  for  the  quarters 
ending  Sept.  30,  1877;  March  31,  1879,  and 
June  30,  1880. 

Report  of  the  Commission  of  Engineers 
upon  the  Reclamation  of  the  Alluvial 
Basin  of  the  Mississippi  River,  being  Ap- 
pendix O  of  the  Annual  Report  of  the 
Chief  of  Engineers,  V.  S.  A.,  for  1875. 

Third  Annual  Report  of  the  Water  Commis- 
sioners of  the  City  of  Hudson.     1875 

B.  Holly's  System  of  Fire  Protection  and 
Water  Supply  for  Cities  and  Villages. 
Lockport,  N.  Y. 

Proceedings  of  the  Mayor's  Convention 
which  convened  at  Springfield,  111 ,  Oct.  8, 
9  and  10,  1878,  and  January  15,  1879. 

Tariff  of  Rates  and  Regulations  for  the  use 
of  the  Passaic  Water;  also  Rules  Regulat- 
ing the  Plumbing  of  Houses. 

Tenth  Annual  Report  of  the  Leominster 
Water  Board. 

Eleventh  and  Twelfth  Annual  Reports  of  the 
Acushnet  Water  Board. 

Fifth  Annual  Report  of  the  Water  Commis- 
sioners of  the  Town  of  Woburn. 

Reports  of  the  Board  of  Water  Commission- 
ers of  the  Town  of  Melrose  for  the  financial 
years  ending  Dec.  31,  1879  and  1881. 

Sixteenth  Annual  Report  of  the  Water  Com- 
missioners of  the   City  of  Springfield,   111. 

Ninth  Annual  Report  of  the  Leominster 
Water  Board.     March  1,  1881. 

Annual  Reports  of  the  Cochituate  Water 
Board  to  the  City  Council  of  Boston  for 
the  years  1855,  1857  and  1858,  1860-1875, 
1876. 

Boston.  Report  ol  the  Medical  Commission 
upon  the  Sanitary  Qualities  of  the  Sud- 
bury, Mystic,  Shawshine  and  Charles 
River  Waters. 

Boston.  Report  of  the  Joint  Standing  Com- 
mittee on  Water  in  Reply  to  various  Orders 
of  the  City  Council  pertaining  to  Addi- 
tional Supply  of  Water,  with  Report  of 
City  Engineer. 

Annual  Reports  of  the  Boston  Water  Board 
for  187G  to  1880,  inclusive. 

Reports  of  Professor  Nichols  and  Dr.  Farlow 
on  matters  connected  with  the  Boston 
Water  Supply      1877. 

Report  on  a  Peculiar  Condition  of  the  Water 
Supplied  to  the  City  of  Boston.  1875-76. 
By  Prof.  Nichols,  Dr.  Farlow  and  Mr.  Bur- 
gess. 
Ninth,  Tenth  and  Eleventh  Annual  Reports 
of  the  Mystic  Water  Board.  1873,  1875  and 
1876. 
Report  of  the  Board  of  Public  Works  to  the 
Common  Council  of  tne  City  of  Grand 
Rapids,  transmitting   the   Reports  of  the 
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Superintendent,  Collector  and  Engineer  of 
the  Water  Works,  for  the  fiscal  year  ending 
April  30,1878;  also  the  Annual  Report  of 
the  City  Surveyor  (2  copies). 

Reports  of  the  City  Engineer,  I  ;  rand  Rapids, 
Mich.,  for  1875  and  1876. 

A  Report  made  to  tin-  Board  of  Water  Com- 
missioners of  the  Village  of  Richfield 
Springs,  by  P.  H.  Baermann,  C.  E.,  upon 
the  Water  Supply.  January,  1S79  (2  copies). 

A  Wat.r  Supply  tor  the  Village  of  Richfield 
Springs.     1879. 

Reports  of  the  City  Engineer.  Superintend- 
ent Water  Works  and  Chief  of  Eire  Depart- 
ment of  the  City  of  La  Fayette,  Ind.,  for 
the  year  ending  April  ISO,  1877  (2  copies). 

Regulation  of  Water  Rates.  Proceedings  be- 
fore the  Board  of  Supervisors,  San  Fran- 
cisco.    1880. 

Report  of  the  Water  Registrar  of  the  District 
of  Columbia.     1878. 

Reports  of  the  Trustees,  Chief  Engineer  of 
the  Fire  Department,  Superintendent  of 
Water  Works  and  Treasurer,  Covington, 
Ky.,  for  the  year  ending  Dec  31,  1878. 

Report  of  the  Prudential  Committee  and 
Treasurer  of  the  South  Adams  Fire  District 
for  one  year  and  eleven  months  to  March 
1,  1878. 

Annual  Report  of  the  Water  Commissioners 
of  the  Town  of  Medford,  Mass.     1878. 

Report  of  the  Water  Commissioners  of  the 
City  of  Jacksonville,  111.,  April  1,  1875. 

Water  Works  Ordinance,  Augusta,  Va.  (2 
copies). 

Report  made  to  the  Special  Committee  of 
the  Common  Council  of  the  City  of  t  Irand 
Rapids.  By  Peter  Hogan,  Engineer.  April 
5,  1873  (2  copies). 

First  Annual  Keport  of  the  Water  Works 
Trustees  to  the  City  Council  of  the  City  of 
Piqua,  Ohio,  for  the  year  ending  March  31, 

187". 

The  Boston  Water  Supply.  Prof.  W.  Ripley 
Nichols. 

Remarks  on  some  Algae  found  iu  the  Water 
Supplies  of  the  City  of  Boston.  W.  G. 
Farlow. 

The  Water  Supply  of  the  City  of  New  York. 
E.  Waller,  Ph   D.   3  copies). 

Catalogue  of  Water  Works.  Reports  and  In- 
formation in  the  United  States  and  Can- 
adas. 

A  Table  of  General  Information  concerning 
the  Water  Works  of  the  United  States  and 
Canadas.  Published  by  the  Holly  Manu- 
facturing Comp  my,  I.ockport,  N.  Y.,  man- 
ufacturers of  Holly's  system  of  water 
works      1878 

By-Law  No  169,  to  regulate  the  working  and 
management  of  the  water  works  of  the 
Town  of  Sarnia,  and  for  other  purposes, 
as  amended  April  'J,  1877. 

Annual  Keport  of  tin-  Pbosnixville  Water 
Department  for  the  vear  ending  M  irch  31, 
1881. 

Reports  of  the  Superintendent  of  the  Bridge- 
port Hydraulic  Company  to  the  Directors 
and  Stockholders.     1876, 1877  and  1878. 

Rules  and  Regulations  of  the  Bridgeport 
Hydraulic  Company,  Bridgeport,  Conn. 
1MT4. 

Annual  Reports  of  the  Committee  on  Water, 
tie-  Water  Commissioner,  the  Water  Regis- 
trar and  the  City  Engineer  of  the  City  of 
Worcester  for  the  vear  ending  November 
30,    1881. 


Second  Annual  Meeting,  American  Water 
Works   Association,  Columbus,  Ohio,  1882. 

Forty-second  Annual  Report  of  the  Water 
Department   of   the    City  of  Cincinnati, 

Ohio,  tor   the    vear  ending   December  31, 

1881. 

Portland  Water  Company  Water  Supply, 
Rates,  Rules  and  Regulations,  with  a 
sketch  of  its  history,  charter,  etc. 

Water  Works  for  the  People.  William  M. 
Henderson,  Hydraulic  Engineer. 

Report  of  the  Water  Commissioners  on  the 
Material  best  adapted  for  Distribution  of 
Water  Pipes,  and  on  the  most  economical 
mode  of  introducing  water  into  private 
houses. 

Report  on  Croton  WTater.  Elwyn  Waller,  Ph. 
I>..  chemist  to  the  Health  Department. 

Tenth  Annual  Report  of  the  Auditors  and 
other  Town  Officers  of  Everett,  for  the  year 
ending  February  29,  1880. 

Second  Annual  Report  of  the  Board  of 
Health  of  the  City  of  Utica,  N.  Y.,  for  the 
year  ending  Dec.  31,  1877. 

Report  of  the  Selectmen  on  the  Financial 
Affairs  of  the  Town  of  Hingham  for  the 
year  ending  Feb.  1,  1876. 

Report  of  the  Water  Department  to  the 
Mayor  and  City  Council  of  Baltimore,  Md., 
for  the  year  ending  Oct.  31,  1876. 

Ninth  Annual  Report  of  the  Board  of  Water 
Commissioners  of  the  City  of  Port  Huron, 
Mich.     April  1,  1882. 

Sixth  Annual  Report  of  the  Water  Commis- 
sioners of  the  City  of  Taunton,  Mass. 
Nov.  30,  1881 . 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Manchester.  N. 
H.,  for  the  fiscal  vears  ending  Dec  31, 1880 
and  1881. 

First  Annual  Report  of  the  Water  Commis- 
sioners of  the  Town  of  Westborough, 
Mass.     Feb.  1,  1880. 

The  First,  Third,  Fourth,  Fifth  and  Sixth 
Annual  Reports  of  the  Department  of  Pub- 
lie  Works  to  the  City  Council  of  the  City 
of  Chicago,  for  the  years  1876  to  18S1,  in- 
clusive (2  copies  of  1876  and  2  of  1879). 

Fourteenth  Annual  Report  of  the  Board  of 
Public  Works  to  the  Common  Council  of 
the  city  of  Chicago,  111.,  for  the  municipal 
fiscal  year  ending  March  31,  1875. 

Seventeenth,  Twentieth.  Twenty-first,  Twen- 
ty-second and  Twenty-third  Annual  Re- 
ports of  the  Water  Commissioners  to  the 
Common  Council  of  the  City  of  Troy,  N.  Y., 
tor  t)i,.  fiscal  years  1S71  and  1874  to  1877, 
inclusive  (2  copies  for  1871). 

Third,  Fourth  and  Fifth  Annual  Reports  of 
the  Watuppa  Water  Board  to  the  City 
Council  of  the  City  of  Fall  Kiver.  1877  to 
1879,  inclusive  (2  copies  of  1877). 

Rules  and  Regulations  made  by  the  Board  of 
Public  Works  of  the  City  of  Grand  Rapids, 
.Mich.,  under  authority  Of  Board  of  Public 
Works  Act.  approved  March  22,  1873 

Annual  Report  of  the  Board  of  Water  Com- 
missioners to  the  Councils  of  the  City  of 
I  tie,  Pa.,  for  the  fiscal  year  ending  April 
30,  1879  (2  copies). 

Second,  Third.  Fourth,  Fifth  and  Sixth  An- 
nual  Reports  of  the  City  of  Keene,  con- 
taining Inaugural  Ceremonies, Ordinances 
and  Joint  Resolutions  passed  by  the  (its 
Councils,  with  Reports  of  the  Several  De- 
partments, for  1875  to  1H79,  inclusive. 

First,   Second,  Third,    Fourth,   Fifth,  Sixth, 
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Seventh,  Eighth  and  Twelfth  and  Final 
Quarterly  Reports  of  the  Water  Commis- 
sioners, Pawtucket,  R.  I.,  for  the  years 
1877  to  1880,  inclusive. 

First  Annual  Report  of  the  Water  Commis- 
sioners and  Superintendent  of  Water  Works 
of  the  Town  of  Pawtucket,  R.  I.  Feb.  1, 
1881. 

Three  copies  of  Reports  submitted  to  the 
Town  Council  of  Pawtucket,  R.  I.,  for  Dec. 
31,  1879;  June  30,  1879,  and  July  8,  1880. 

Final  Report  of  the  Board  of  Water  Commis- 
sioners of  the  City  of  Providence,  R.  I. 
Nov.  5.  1880. 

Annual  Report  of  the  Chief  Engineer  of  the 
Water  Department  to  the  City  Council  of 
Wilmington,  Del.,  for  the  year  1880. 

Annual  Report  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Trenton,  N.  J., 
for  the  year  ending  Jan.  31,  1881. 

City  Clerk's  Report,  Statement  of  the  Fi- 
nances of  the  City  of  Jacksonville.  111.,  lor 
the  fiscal  year  ending  March  31,  1880;  also 
for  the  fiscal  years  ending  March  31,  1878 
and  1879,  together  with  the  Reports  of  the 
Treasurer  and  Superintendent  of  Water 
Works  for  the  year  ending  March  31,  1880. 

Third  Annual  Report  of  the  Board  of  Water 
Commissioners  of  the.  Village  of  Glovers- 
ville,  N.  Y.,  for  the  year  euding  April  30, 
1880. 

A  Water  Supply  for  the  Village  of  West  Trov, 
N.  Y.     1876. 

Fifth  Annual  Report  of  the  Water  Commis- 
sioners of  the  Town  of  Danvers,  for  the 
year  ending  Dec.  31.  1880. 

Annual  Report  of  the  Water  Department  of 
the  City  of  Meriden  for  the  fiscal  year  end- 
ing Nov.  30,  1880,  to  which  is  appended 
the  Reports  of  the  Sinking  Fund  Commis- 
sion and  the  Treasurer  of  the  Water  De- 
partment. 

Annual  Report  of  the  Board  of  Water  Com- 
missioners, City  of  Norfolk,  Va.,  for  the 
year  ending  June  30,  1880. 

Report  of  the  Board  of  Water  Works,  includ- 
ing the  Secretary's  and  Engineer's  Re- 
ports, Pa  is,  111. 

Sixth  Annual  Report  of  the  Water  Commis- 
sioners of  the  City  of  Allentown,  Pa.,  for 
the  year  ending  Dec.  31,  1880. 

Board  of  Public  Works  of  Jersey  City,  N.  J. 
Annual  Report  of  the  Chief  Engineer  for 
the  year  ending  Dec.  31, 1881. 

Data  in  relation  to  Lyons,  Iowa;  Virginia 
City  and  Gold  Hill,  Nevada;  Columbia,  S. 
C;  West  Troy,  N.  Y.;  Danville,  Va.;  Gar- 
den City,  L.  I.,  N.  Y. ;  Lewiston,  Me.; 
Rome,  Ga  ;  Mahoney  City,  Pa.;  Sidney, 
O.;  Syracuse,  N.  Y.;  Miltord,  Pa.;  Paw- 
tucket, R  I.;  Covington,  Ky;  Auburn,  N. 
Y. ;  Youngstown,  Ohio;  Greenwich,  Conn.; 
Bloomington,  111  ;  Akron,  Ohio;  Norfolk, 
Va. ;  Archibald,  Pa  ;  Augusta,  Me.;  Niles, 
Mich.;  Johnstown,  Pa.;  Biriniughani, 
Conn.:  Middletown,  Ohio;  Norristown, 
Pa.;  Germantowii.  Pa.;  South  Norwalk, 
Conn.;  Schenectady,  N.  Y.;  La  Fayette, 
Ind.:  New  Albany,  Ind. 

T.  T.  Taylor's  Inspection  Reports  of  Iron 
Pipe,  Treasurer's  Report  of  the  Cedar 
Rapids  Water  Company,   March   31,    1880. 

Data  in  relation  to  Bethel,  Fairfield  Co., 
Conn.;  Omaha.  Neb.;  Boston,  Mass.; 
Bristol,  R.I. ;  Poughkeepsie,  N.  Y.;  North 
Adams,  Mass.;  Palestine,  I  exas,  contract 
for  Waco  Water  Works  Company;  Hannibal 


Water  Works,  Eureka,  Nevada;  Coatesville, 
Pa.;  Lansford.  Pa.;  Richfield  Springs,  N.  Y  ; 
Plymouth,  N.  H.;  Portsmouth,  N.  H.; 
Bangor,  Me.;  Mt.  Joy,  Pa.;  Passaic, N.  J.; 
Melrose,  Mass. ;  Jeffersonville,  Ind. ;  Mead- 
ville,  Pa.;  Chicopee,  Mass.;  Sarnia,  Mass.: 
Natick,  Mass.;  Lake,  111.;  Truro,  N.  S.; 
Media,  Pa.;  Summit  Hill,  Pa.;  Utica,  N. 
Y. ;  Huntsville,  Ala.;  Renovo,  Pa  ;  Hing- 
ham,  Mass.;  Leroy,  N.  Y. ;  Scranton,  Pa.; 
Norwich,  N.  Y. ;  Jamestown,  N.  Y.; 
Fredericton,  New  Brunswick,  Canada. 

Ninth  Annual  Report  of  the  Receipts  and 
Expenditures  of  the  City  of  Oil  City.  Pa. 

Charter  and  By-laws  of  the  Borough  of 
Winsted,  together  with  the  Charter,  Rules 
and  Regulations  of  the  Winsted  Water 
Works. 

Annual  Reports  of  the  Board  of  Water  Works 
of  the  City  of  Toledo,  Ohio  for  1875,  to 
1879,  inclusive. 

By-laws  and  Rules  and  Regulations  for  the 
Management  and  Protection  of  the  Toledo 
Water  Works,   adopted  February  10.  1874. 

Data  in  relation  to  the  Toledo  Water  Works. 

Annual  Reports  of  the  Sewerage  and  Water 
Commissioners  for  the  City  of  St.  John 
(east  side)  and  Parish  of  Portland  for  the 
years  1858,  1865.  1867,  1870,  1871  and  1878. 

Reports  of  the  Superintendent  of  Water 
Works  for  the  years  I860,  1861  and  1862, 
St  John,  N.  B. 

Reports  of  the  Commissioners  of  Sewerage 
and  Water  Supply,  and  of  the  Superintend- 
ent and  Engineer  of  the  Water  Works, 
1869. 

Provisional  Report  on  the  Sewerage  and 
Water  Extensions  of  St.  John,  N.  B.,  for 
the  vear  1876. 

First,  Third,  Fourth,  Fifth,  Sixth  and 
Seventh  Annual  Reports  of  the  Water  Com- 
missioners of  the  town  of  Waltham,  Mas*., 
lor  1874,  1876,  1877,  1878  and  1879. 

Data  in  relation  to  Waltham,  Mass. 

Second  and  Third  Reports  of  the  Water  Board 
of  the  Town  of  Brookline,  Mass.,  for  the 
years  1876.  1»78  and  1879. 

Report  of  the  Committee  on  Water  Supply, 
with  letters  bearing  upon  the  subject  from 
Engineers  and  Contractors  of  Brookline, 
Mass.,  1879. 

Final  Report  of  the  Water  Commissioners  of 
the  Town  of  Brookline,  1875. 

Supplementary  Report  of  the  Committee  on 
Water  Supply,  Brookline,  Mass.,  with  letter 
of  Gen.  George  S.  Greene,  Civil  Engineer. 

Supplementary  Report  of  the  Brookline 
Water  Board,  April,  3  878 

Data  in  relation  to  Brookline,  Mass. 

Third  to  Seventh  Annual  Reports  of  the 
Board  of  Water  Commissioners  of  the 
City  of  Yonkers  to  the  Common  Council, 
for  the  years  1875  to  1880,  inclusive. 

Report  of  the  City  Auditor  on  Expense  of 
Machinery,  Pipe,  etc.,  on  introduction  of 
Holly  Water  Works;  also  Report  of  Super- 
intendent of  Water  Works  on  the  Amount 
and  Condition  of  Water  Pipe  in  the  City 
ot  Sacramento,  Cal. 

Data  in  relation  to  Sacramento,  Cal. 

First,  Third,  Fourth  and  Fifth  Reports  of 
the  Public  Water  Board  of  the  City  of 
Lvnn,  for  the  years  1872,  1874,  1875-and 
1876. 

Annual  Report  of  the  Public  Water  Board  of 
the  Citv  of  Lynn  for  the  year  ending  Dec. 
31,  1873  (2  copies). 
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Data  in  relation  to  Ephrata,  Pa.;  Elyria, 
O.;  Doylestown,  Pa.;  Oakalooaa,  Iowa, 
\\.~i  Brookfield,  Mass.;  West  Springfield, 
Slass.;  Wheeling,  Va. ;  New  Carlisle,  Pa. ; 
Nantucket,  Mass. ;  Lyons,  N.Y.;  Andes,  N. 
Y.:  Monticello.  Iowa:  Amsterdam,  N.  Y. ; 
Alpina.  Mich.;  Delhi,  N.Y.;  Central  Falls, 
K.  I.;  Elyria,  O. 

First  Annual  Report  of  the  Water  Commis- 
Bioners  of  the  Town  of  Westborough. 
Feb.  1,  1880. 

Seventh  Annual  Report  of  the  Water  Com- 
missioners of  the  Town  of  Winchester, 
Mass.     1879  and  1880. 

Annual  Repoits  of  the  Chief  Engineer  of 
the  Board  of  Public  Works  of  Jersey  City, 
X.  J.,  for  years  1875  and  1878 

Fifth  Annual  Report  of  the  Lowell  Water 
Board  of  the  City  of  Lowell  to  the  City 
Council,  accompanied  by  the  Reports  of 
the  City  Engineer  and  of  the  Superintend- 
ent of  Water  Works  to  the  Board.  Jan.  1, 
1878. 

Eighth,  Eleventh,  Twelfth.  Thirteenth  and 
Fourteenth  Annual  Reports  of  the  Water 
Commissioners  of  the  City  of  Newburgh 
to  the  Common  Council. 

Data  in  relation  to  Newburgh,  N.  Y. 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners to  the  City  of  New  London  for 
the  years  1874  to  1880,  inclusive. 

Data  in  relation  to  New  London,  Conn. 

Scale  of  Assessment  for  Annual  Water  Rent 
established  by  the  Board  of  Waler  Com- 
missioners for  the  Jacksonville  Water 
Works  (3  copies). 

Statement  of  the  Finances  of  the  City  of 
Jacksonville  for  the  fiscal  year  ending 
March  31,  1877;  also  for  the  fiscal  year  end- 
ing March  31,  1876,  together  with  the  Re- 
ports of  the  Treasurer  and  Superintendent 
of  Water  Works  for  said  years. 

Statement  of  the  Finances  of  the  City  of 
Jacksonville  lor  the  fiscal  year  ending 
March  31,  1875. 

Second  Annual  Report  of  the  Board  of  Water 
Commissioners  of  the  City  of  Yonkers  to 
the  Common  Council.    Dec,  1874. 

Data  in  relation  to  Yonkers   N.  Y. 

Annual  Report  of  the  School  Committee,  and 
the  Auditor's  Report  of  the  Receipts  and 
Expenditures  of  the  Town  of  Saugus  for 
the  year  ending  Feb.  28,  1879,  together 
with  the  Report  of  the  Committee  on 
Water  Supply  and  the  Town  By-Laws. 

Water  Kates  adopted  by  the  New  Brighton 
Water  Coin]. any  of  New  Brighton,  Pa. 

The  Alpena  City  Water  Company.  Laws 
under  which  the  company  is  organized 
Articles  of  incorporation.  Contract  with 
the  city.    Bond  and  mortgagi  ,  etc 

Second  Annual  Report  of  the  Water  Com- 
missioners of  Waltham  Water  Works. 
Feb.,  is::, 

A  Table  ot  General  Information  concerning 
the  Water  Works  of  the  United  States  and 
Canada.  Published  by  the  Holly  Manu- 
facturing Company,  Lockport,  N.  Y.,  man- 
ufacturers "t  Holly's  System  of  Water 
Works.     lsT-v 

1'iij  in  relation  to  Lockport,  N.  Y. 

first,  second.  Third,  Fourth,  Fifth,  Sixth, 
s.  1 1  nth  ami  Eighth  Annual  Reports  of  the 
Water  Commissioners  of  the  Town  of  Wo- 
burn,  Mass.,  for  the  years  1873  to  1880, 
inclusive 

Annual  Reports  of  the  City  Officers  of  the 


Citv  of  Minneapolis,  Minn.,  for  the  years 
ending  April  1,  1879,  1880. 

An  Ordinance  concerning  the  Water  Works 
.•I'  the  city  of  Minneapolis  and  the  Duties 
of  the  Superintendent  of  the  same.  Ap- 
proved May  1,  1878. 

Fata  in  relation  to  Warsaw.  N.  Y. :  Winsted, 
Conn.;  Pittstown.  Pa.;  Phu-nixville,  Pa.; 
Wobum,  Mass.;  Waveily,  N.  Y. ;  Lenox. 
Mass.;  Middletown,  N.  Y.:  Minneapolis, 
Minn.;  Haverhill.  Mass. ;  Holyoke,  Mass. ; 
Allegheny  City,  Pa.;  Quincy,  111.:  Titus- 
ville.Pd.;  Brockton.  Mass  ;  Chattanooga, 
Tenn.:  Urbana,  O.;  Saginaw,  Mich.;  Keo- 
kuk, Iowa:  Berwick,  Pa.;  Williamsport, 
Pa.;  Chicopee  Falls,  Mass.;  Bellevue,  O.; 
Ithaca.  N.  Y.:  St.  John,  N.  B.;  Great  Bar- 
rington,  Mass  ;  Ashland,  Pa.;  Corning,  N. 
Y.:  Elmira,  N.  Y.;  Petaluraa,  Cal. ;  Terre 
Haute,  Dad.;  Biddeford,  Me.;  University 
of  Virginia:  Tioga,  Pa  ;  Quincy,  Mass.; 
Tainaqua.  Pa.;  South  Bend,  Ind.;  Rome, 
N.  Y.;  Rock  Island,  111.;  Wilmington,  Del.; 
Salem,  N.  O;  Los  Angeles,  Cal.;  Logans- 
port,  Ind.;  State  Center.  Iowa;  Ironton, 
Ohio;  Halifax,  N.  S.:  Port  Huron,  Mich  : 
Rockville,  Conn.;  Peekskill,  N.  Y  :  Pueblo, 
Col.;  Sharon,  Pa.;  Oil  City,  Pa.;  Niagara 
Falls,  N.  Y. ;  Nashville,  Tenn. 

Second,  Third,  Fourth  and  Fifth  Annual  Re- 
ports of  the  Board  of  Water  Commission- 
ers of  the  Town  of  Natick,  Mass.  1876  to 
1879,  inclusive. 

Annual  Report  of  the  Chief  Engineer  of  the 
Water  Works  of  the  City  of  Wilmington, 
Del.,  for  the  years  1872  to  1879,  inclusive. 

Annual  Reports  ot  the  Several  Departments 
of  the  City  Government  of  Halifax,  Nova 
Scotia,  for  the  municipal  years  1877  to 
1879,  inclusive 

Rates,  Rules  and  Regulations  in  relation  to 
the  Introduction,  Supply  and  Use  of  Water 
from  the  Peekskill  Water  Works  for  1876. 

Seventh.  Eighth.  Ninth,  Twelfth,  Thirteenth 
and  Fourteenth  Annual  Reports  of  the 
Superintendent  of  Water  Works  of  the 
City  of  Burlington  to  the  City  Council  of 
Burlington,  Vt. 

Data  in  relation  to  Burlington,  Vt. 

Annual  Reports  of  the  Board  of  Commission- 
ers of  the  City  Works  made  to  the  Com- 
mon Council  of  the  City  of  Brooklvn  for 
the  years  1873  to  1875  and  1877  to  1879,  in- 
el  usive. 

Communications  from  the  Water  Commis- 
sioners to  the  Mayor  and  Common  Coun- 
cil, Brooklyn,  including  communication 
from  the  Engineer. 

Report  of  the  Engineer  to  the  Commission- 
ers of  Sewerage  of  the  Cit\    of  Brooklyn  on 

the  General  Drainage  o1  the  City.  1859. 
Majority  and  Minority  Reports  of  the  Water 
Committee  on  the  Communication  of  the 
Water  Commission!  re  Brooklyn,  proposing 
to  substitute  a  conduit  in  lieu  of  a  canal, 
with  the  action  of  the  Common  Council 

there  .n  . 

Reports  of  Coninvttees  and  Trustees,  Canton 
City  Water  Works,  for  the  years  18(1'.'  and 
1870. 

Ri  port  of  Trustees  of  Canton,  O.,  City  Water 
Works,  and  report  of  J.  L  Pillsburj  .  engi- 
neer, together  with  report  oi  Messrs.  C. 
Aultmau.  E.  Bull  and  John  Laird.  Rules 
and  Regulations. 

Data  in  relation  to  Canton,  O. 

The  Twelfth,    Thirteenth,    Fourteenth  and 
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Fifteenth  Annual  Reports  of  the  Cambridge, 
Mass.,  Water  Board  to  the  City  Council ; 
also  report  of  the  Special  Committee  on 
the  Water  Supply  of  the  City,  December, 
1879,  and  data  in  relation  to  Cambridge, 
Mass. 

Annual  Report  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Trenton,  N.  J., 
for  the  year  ending  February  1,  1880. 

Rules  and  Regulations  of  the  Water  Com- 
missioners of  the  City  of  Trenton,  adopted 
February  27,  1879. 

Report  of  the  Trial  of  the  Piimping  Engine 
built  for  Trenton  Water  Works  by  William 
Wright  &  Co.,  Newburgh,  N.  Y. 

Data  in  relation  to  Trenton,  N.  J.,  Water 
rt  orks. 

Reports  of  the  Water  Commissioners  of  the 
village  of  Peekskill  from  1872  to  1877,  in- 
clusive. 

First,  Second,  Third.  Fifth,  Sixth,  Seventh 
and  Eighth  Annual  Reports  of  the  Board  i  if 
Water  Commissioners  of  Conjeord,  N.  H., 
to  the  City  Council. 

The  Twenty-third  Annual  Report  of  the  Re- 
ceipts and  Expenditures  of  the  City  of 
Concord,  N.  H.,  for  the  fiscal  vear  ending 
February  1, 1876. 

Data  in  relation  to  Water  Works  of  Concord, 
N.  H. 

First,  Second,  Third,  Fourth,  Fifth,  Sixth, 
Seventh,  Eighth  and  Truth  Annual  Reports 
of  the  Trustees  of  the  Water  Works  of 
Columbus,  O. 

By-Laws  and  Regulations  of  Columbus  Water 
Works  in  force  May  1,  1877. 

Data  in  relation  to  Columbus  Water  Works. 

First,  Second,  Third,  Fourth,  Fifth,  Eighth, 
Ninth,  Twelfth,  Thirteenth,  Fourteenth 
and  Fifteenth  Annual  Reports  of  the  Board 
of  Public  Works  to  the  Common  Council 
of  the  City  of  Chicago,  and  Thirteenth 
Semi-Annual  Report. 

Third  Annual  Report  of  the  Department  of 
Public  Works  of  the  City  of  New  York,  for 
the  year  ending  April  10,  1873. 

Data  in  relation  to  the  Water  Works  of  Pater- 
son.  N.  J.;  London,  Ontario,  Canada  ; 
Cumberland,  Md. 

Blank  forms  of  the  Water  Works  of  London, 
Ontario;  also  blank  forms  of  Inspector's 
Report. 

First  Annual  Report  of  the  Board  of  WTater 
Commissioners  of  the  village  of  Johns- 
town, N.  Y.,  for  the  fiscal  year  ending 
April  30,  1879 

A  Report  made  to  the  President  and  Board 
of  Trustees  of  the  village  of  Johnstown, 
P.  H.  Baerman,  C.  E.,  upon  the  Water 
Works  Question,  September,  1877. 

Data  in  relation  to  the  Water  Works  of  Johns- 
town, N.  Y. 

A  Water  Supply  for  the  village  of  Oxford,  N. 
Y.,  1879. 

Data  in  relation  to  Stockbridge,  Mass.;  Ty- 
rone, Pa.:  Tanckawannock,  Pa.;  Towanda, 
Pa.;  Salem,  Oregon;  Sycamore,  111.:  Trini- 
dad, Col.;  Walton,  N.  Y. ;  South  Lee,  Mass. ; 
South  Hadley,  Mass.;  San  Rafael,  Cal.; 
Santa  Barbara,  Cal.;  Brantford,  Canada; 
St.  Thomas,  Ont.,  Canada;  Rockland, 
Maine;  Rahway,  N.  J.;  Providence,  Pa.; 
Plainwell.  Mich.  ;  Port  Byron,  N.  Y.  ; 
Pioche,  Nev.;  Owen  Sound,  Ont.,  Canada: 
Salt  Lake  City,  Utah  Ter.;  Ottumwa,  Iowa: 
Northridge,  Mass. ;  New  Milford,  Conn. ;  Mt. 
Holly,  N.J. :  Methuen,  Mass. ;  Meriden,  Ct. ; 


Middleboro,  Mass.:  Medina,  N.  Y.;  Massil- 
lon,  Ohio;  Marengo,  Iowa;  Houston,  Texas; 
Hannibal,  Mo.;  Hanover,  Pa.;  Great  Falls, 
N.  H.  ;  Franklin,  Pa.  ;  Liverpool,  Ohio  ; 
Dover,  N.  H.:  Dowingtown,  Pa  ;  Dallas, 
Texas;  Dausville,  N.  Y.;  Claremont,  N.  H. ; 
Clarksville,  Tenn.;  Cheshire,  Mass.;  Car- 
lisle, Pa.;  Carbondale,  Pa. ;  Lansing.Mich.; 
Lambertsville,  N.  J.  ;  Kingston,  Mass.; 
Kennet  Square,  Pa.;  Joliet,  111.;  Stillwater, 
Minn.;  Hyde  Park,  111.;  Canon  City,  Col.; 
Burlington,  N.  J.;  Blue  Rapids,  Kansas; 
Boyerstown,  Pa  ;  Brighton,  Mass.;  Belle- 
fonte,  Pa.;  Auburn,  Me.:  Middletown,  N. 
Y. ;  Attica,  Ind  ;  Waco,  Texas;  Charleston, 
111.;  Danvers,  Mass.;  Leadville,  Col.;  San 
Antonio,  Texas.;  Council  Bluffs,  Iowa;  At- 
tica, N.  Y. ;  Knoxville,  Tenn.:  St.  Albans, 
Vt.  :  Sedalia,  Mo.  ;  Walcottville,  Conn.  ; 
East  Hampton,  Mass.:  Muskegan,  Mich.; 
Chambersburg,  Pa  ;  Bellows  Falls,  Vt. 

First  Annual  Report  of  the  Water  Commit- 
tee and  Second  of  the  Water  Department 
of  Bridgeton,  N.  J. 

The  First  Report  of  the  Water  Works  Com- 
mission of  the  City  of  St.  Catharines  to  the 
City  Council,  for  the  year  ending  Decem- 
ber 31,  1879. 

Report  on  a  Water  Supply  for  the  Town  of 
St.  Catharines,  by  Thomas  Monro,  C.  E. 

Data  in  relation  to  the  Water  Works  of  St. 
Catharines,  Canada. 

First,  Third  and  Fourth  Annual  Reports  of 
the  Water  Commissioners  of  the  Town  of 
Danvers,  Mass. 

Statement  of  the  Accounts  of  the  Town  of 
Danvers  for  the  year  ending  February  16, 
1878. 

Report  of  the  Board  of  Water  Works,  includ" 
ing  the  Secretary's  and  Engineer's  Re- 
ports, together  with  the  Tariff  of  Water 
Rates  and  Rules  and  Regulations.  Paris, 
111. 

Report  of  the  Water  Department  of  the  City 
of  Camden,  N.  J.,  for  the  year  1878. 

Notice  for  Proposals  for  furnishing  the  City 
of  Omaha,  Nebraska,  with  Water  for  Fire 
Protection  for  a  term  of  twenty  five  years. 

Reports  of  the  Board  of  Water  Commissioners 
of  the  City  of  Rochester  to  the  Mayor  of 
the  City  of  Rochester,  for  the  years  1872 
and  1875. 

Annual  Reports  of  the  Executive  Board  of 
Rochester,  N.  Y.,  for  the  years  1877,  1878 
and  1879. 

Data  in  relation  to  the  Water  Works  of  the 
City  of  Rochester,  N.  Y. 

A  Revised  Edition  of  Acts  of  Assembly  and 
Borough  Ordinances  relating  to  the 
Borough  of  Chambersburg,  Pa.,  together 
with  a  brief  history  of  the  town  from  its 
foundation  to  the  present  time. 

Ordinances  and  Rules  Governing  the  Man- 
kato,  Minn  ,  Water  Works,  adopted  by  the 
City  Council,  May  10,  1880. 

Data  in  relation  to  the  Water  Works  of  Man- 
kato,  Minn. 

First  Annual  Report  of  Board  of  Water  Com- 
missioners, and  Report  of  Engineer  on 
Construction  of  Works,  London,  Ontario, 
Canada. 

London  Water  Works  Acts.  Schedule  of 
Rates  and  By-Law.  London,  Ontario, 
Canada. 

Second  Annual  Report  of  the  Board  of  Water 
Commissioners  of   the   village   of   Johns- 
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town,  N.  Y.,  for  the  year  ending  April  30, 
L880. 

D(  partmenl  Reports.Citj  of  Harrisburg,  Pa., 
tor  the  year  1876. 

Data  in  relation  to  the  Water  Works  of  the 
<  its  of  Harrisburg,  Pa. 

Annual  Reports  of  the  Trustees  of  the  City 
Water  Works  of  Cincinnati,  Ohio,  for  the 
\rars  1864,  1868,  1870,  1871,  1872  and  1874 
ti  i  1  ssi),  inclusive. 

I',i  port  of  the  Board  of  Experts  on  the  War- 
den Compound  Pumping  Engine.  March, 
1879. 

Special  Report  on  the  Extension  and  En- 
largement of  the  Cincinnati  Water  Works. 
T.  R.  Scowden,  C.  E. 

Pat  a  in  relation  to  the  Water  Works  of  Cin- 
cinnati, Ohio. 

Report  of  the  Water  Registrar  of  the  Dis- 
trict of  Columbia.    1878. 

Data  in  relation  to  the  Water  Works  of  Wash- 
ington and  Georgetown,  D.  C. 

The  Seventh  and  Eleventh  Annual  Reports  of 
the  Mystic  Water  Board  of  the  City  of 
Charlestown,  Mass.,  lor  the  vears  1871  and 
1875. 

Water  Rates  of  the  Citv  of  Charlestown, 
Mass.    1872. 

■i  a  of  the  Commissioners  and  Chief  En- 
gineer of  the  Charlestown  Water  Work--. 
February  28,  1868. 

Reports  of  the  Water  Commissioners  of  the 
City  of  Chelsea  for  the  years  1868  to  1871 
and  1876. 

Report  of  the  Joint  Special  Committee  on 
Introduction  of  Water  into  the  City  of 
Chelsea.     Jan.  2,  1868. 

Fifteenth,  Sixteenth,  Seventeenth,  Eigh- 
teenth, Nineteenth,  Twentieth,  Twenty- 
first  and  Twenty-second  Annual  Reports 
of  the  Board  of  Trustees  of  Water  Work? 
to  the  City  Council  of  Cleveland,  Ohio, 
together  with  the  Reports  of  the  Officers 
of  the  Board. 

Concise  Statement  giving  the  Dimensions, 
Capacity  and  Extent  of  the  Important 
Details  of  Cleveland  Water  Works 

Ordinances,  Rules  and  Regulations  for  the 
.Management  and  Protection  of  the  City 
Water  Works  of  Cleveland,  Ohio,  as 
amended  and  adopted  by  the  Board  of 
Trustees  November  10,  1862,  and  approved 
by  the  City  Council  November  11,  1862. 

Data  in  relation  to  the  Water  Works  of  Cleve- 
land, Ohio. 

Second,  Fourth,  Fifth, Sixth,  Seventh, Eighth, 
Ninth  and  Tenth  Annual  Reports  of  the 
Buffalo,  N.  Y.,  Water  Works. 

Data  iu  relation  to  the  Water  Works  of  the 
City  of  Buffalo,  N.  Y. 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Bingharnton,  N. 
Y..  to  the  Common  Council  tor  the  years 
1876  to  1879,  inclusive 

Data  in  relation  to  the  Water  Works  of  Bing- 
hamton, N.  Y. 

Reports  of  the  Water  Commissioners  to  the 
Common  Council  of  the  City  of  Albany,  N. 
Y.,  transmitting  the  Report  of  the  Super- 
intendent of  the  ixater  Works  for  the 
vears  1853,  in. v.,  ls.,r,.  1858,  1860,  1861,  1863, 
1864,  1866  to  1870,  1876  to  1879,  inclusive. 

Data  in  relation  to  the  Water  Works  of 
Albany,  N.  Y. 

Proceedings  of  the  Annual  Meeting  of  the 
Stockholders  of  the  Alexandria  Water  Com- 


pany, held  in  Alexandria,  Ya.,  for  the  years 
1871*  to  1879,  inclusive. 

Annual  Reports  of  the  President  and  Direct- 
ors of  the  Alexandria  Water  Company  to 
the  Stockholders  at  their  Annual  Meetings 
for  the  years  1851  to  1853  and  1855. 

Report  of  the  President  and  Directors  of  the 
Alexandria  Water  Company  to  the  Stock- 
holders at  their  Annual  Meeting,  Nov.  4, 
1867. 

Rul.s  and  Regulations  governing  the  Intro- 
duction, Supply  and  Consumption  of 
Water  from  the  Alexandria  Water  Com- 
pany. 

Data  in  relation  to  the  Water  Works  of  Alex- 
andria,  Va. 

First  Report  of  the  Superintendent  and 
Secretary  of  the  Burlington  Water  Works 
to  the  Water  Company  from  Acceptance  of 
Works,     June  1,  1878,  to  January  1,  1880. 

Reports  of  the  Officers  and  Committee  on 
Finance  of  the  City  of  Burlington,  Iowa, 
for  the  year  ending  March  3,  1875. 

Rules  and  Rates  of  the  Burlington  Water 
Company.     1878. 

Data  in  relation  to  the  Water  Works  of  Bur- 
lington, Iowa. 

Reports  of  the  Trustees,  Chief  Engineer  of 
the  Fire  Department,  Superintendent  of 
Burlington  Water  Works,  and  Treasurer, 
for  the  year  ending  Dec.  31,  1878. 

Data  in  relation  to  the  Water  Works  of  St. 
Johnsbury,  Vt. 

Water    Rates  Adopted   by   the  Water   Com 
missionere,  and  Rules  aud  Regulations  of 
the  Vallejo    City,   Cal.,   Water    Company 
Dec.  11,  1879. 

Data  in  relation  to  the  Water  Works  of  Val 
lejo,  Cal. 

Report  of  the  Officers  of  the  Town  of  Lin 
coin  from  Feb.  1,  1877,  to  Feb.  1,  1878;  also 
the  Report  of  the  School  Committee  for 
the  school  year  1877  and  1878. 

Data  in  relation  to  the  Water  Works  of  Lin- 
coln, Mass. 

Annual  Report  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Holyoke,  Mass., 
for  the  years  1874  to  ls79,  inclusive. 

Third  and  Fourth  Annual  Reports  of  the 
Water  Commissioners  of  the  Town  of  Med- 
ford,  Mass 

Reports  of  the  Water  Commissioners  of  the 
Town  of  Medford,  Mass.,  for  the  years 
1874  to  1879,   inclusive. 

Data  in  relation  to  the  Water  Works  of  Med- 
ford, Mass  ;  Avon,  N.  Y.;  Ansouia,  Conn.; 
Beaver  Falls,  Pa.;  Boulder,  Col  ;  Consho- 
hocken,  Penn.:  Concord,  Mass.;  College 
Point.  N.  Y;  Alton,  111.;  P.elaire,  O.;  Sus- 
pension Bridge,  N.  Y.;  Henderson,  Ky.; 
Marysville,  Ky. ;  Santa  Cruz,  Cal.;  South 
Adams,  Mass. 

Annual  Report  of  the  various  officers  and 
standing  committees  of  the  City  of  Alle- 
gheny for  the  year  ending  Dee.  81,  1879. 

Sixth,  Seventh  and  Eighth  Annual  Reports 
of  the  Leominster  Water  Board. 

An  Account  of  the  Owensboro  Water  Com- 
pany of  Owensboro,  Ky.,  and  of  its  First 
Mortgage  Bonds      May  10,  1879. 

By-Laws,  Rules  and  Regulations  of  the 
Water  Works  Company  of  Owensboro,  Ky. 

Repi  rt  of  Construction  of  Peru  Water  Works, 
and  Maintenance  of  same  up  to  May  1, 
1880. 

Report  of  a  Committee  chosen  by  the  Town 
of  Westborough,   Mass.,  May  15,   1872,   to 
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make  investigations  with  reference  to  the 
feasibility  and  cost  of  obtaining  a  supply 
of  pure  water  for  said  town. 

Annual  Eeport  of  the  Rock  Island  City 
Water  Works  for  the  year  ending  Feb.  28 
1877. 

Annual  Reports  of  the  Treasurer  and  Re- 
corder, Chief  of  Fire  Department,  and 
other  officers  of  the  Nashville  City  Govern- 
ment for  the  year  ending  Oct.  1,  1877. 

Second  Annual  Report  of  the  Board  of  Water 
Commissioners  of  the  City  of  Port  Huron, 
Mich.     April  1,  1879. 

Report  of  the  Trial  Test  of  Water  Works  at 
Holly,  Mich.,  Dec.  16,  1879;  also  Report  of 
Construction  Committee,  and  press  no- 
tices. 

Charter,  By-Laws,  Regulations,  etc..  of  the 
Crystal  Lake  Water  Company  of  the  City 
of  Carbondale,  Pa. 

Annual  Report  of  the  Chief  Engineer  of  the 
Salt  Lake  City  Fire  Department  for  the 
year  1879. 

Mayor's  Message  and  Annual  Reports  of  tlie 
several  departments  of  the  City  of  Meri- 
den.  Conn.,  for  the  year  ending  Nov.  30, 
1879. 

Semi-Annual  Report  for  the  year  1877  of 
the  Logansport,  Iud.,  Water  Works,  to- 
gether with  rules  and  regulations  for  the 
government  thereof. 

First,  Second,  Fourth,  Fifth  and  Sixth  An- 
nual Reports  of  the  Water  Commissioners 
of  the  City  of  New  Brunswick,  N.  J. 

Data  in  regard  to  Hyde  Park,  Vt. ;  Coopers- 
town.  N.  Y. 

Journal  of  the  Board  of  Supervisors  of  Ni- 
agara County,  and  Report  of  Water  Com- 
missioners of  Suspension  Bridge,  N.  Y., 
for  the  year  1877. 

Report  of  the  Treasurer  of  the  Board  of 
Water  Commissioners,  Fire  District  No.  1, 
of  the  Town  of  South  Hadley  Falls  from 
May,  1872,  to  March.  1875. 

By  Laws  and  Rules  and  Regulations  for  the 
Management  and  Protection  of  the  Bel- 
laire,  O.,  Water  Works.  Adopted  April  19, 
1878. 

Second  Annual  Report  of  the  Trustees  of  the 
Water  Works  of  Mansfield,  O.,  together 
with  the  Reports  of  the  Superintendent, 
Chief  Engineer  and  Secretary  May  1, 1874. 

Data  in  relation  to  the  Water  Works  of 
Mansfield,  Ohio. 

First  Annual  Report  of  the  Water  Works 
Trustees  to  the  City  Council  of  the  City  of 
Piqua,  Ohio,  for  the  year  ending  March  31, 
1876. 

Data  in  relation  to  the  Water  Works  of  Piqua, 
Ohio. 

Annual  Reports  of  the  Mayor  and  the  Several 
Departments  of  the  City  of  Middletown, 
Conn.,  for  the  year  ending  January  1, 
1877. 

Eigbth  Annual  Report  of  the  Board  of  Water 
Commissioners  of  the  City  of  Middletown 
to  the  Common  Council,  lor  the  year  end- 
ing December  31,  1874. 

Third  Semi-Annual  Report  of  the  Board  of 
Water  Commissioners  of  the  City  of 
Middletown,  Conn.    January,  1867. 

Data  in  relation  to  the  Water  Works  of 
Middletown,  Conn. 

First,  Second,  Third,  Fourth  and  Final 
Reports  of  the  Water  Commissioners  of  the 
City  of  Lawrence,  Mass.,  to  the  City 
Council. 


Data  in  relation  to  the  Water  Works  of  the 
City  of  Lawrence,  Mass. 

By-Law  to  Provide  for  the  Working  and 
Management  of  the  Water  Works  of  the 
Town  of  Windsor,  Canada. 

Report  of  the  Prudential  Committee  and 
Treasurer  of  the  South  Adams,  Mass  ,  Fire 
District,  for  one  year  and  eleven  months, 
to  March  1,  1878. 

First,  Second,  1  bird  and  Fourth  Annual 
Reports  of  the  Sandusky  Water  Works  to 
the  City  Council,  Sandusky,  Ohio.  January 
1,  1880. 

Data  in  relation  to  the  Water  Works  of  San- 
dusky, Ohio. 

Annual  Reports  of  the  Engineer  and  Manager 
Sandusky  Water  Works  for  1878  and  1879, 
with  appendix. 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners, Sandusky.  Ohio,  together  with 
a  statement  of  Receipts  and  Expenditures 
for  years  1875  to  1877,  inclusive. 

Data  in  relation  to  the  Water  Works  of 
Toronto,  Canada;  Danville,  Penn.;  Rut- 
land, Vt. ;  Grand  Haven,  Mich.;  Clinton, 
Iowa;  Columbia,  Tenn.;  Joplin,  Mo.; 
Marion,  Iud.;  Wilkesbarre,  Pa.;  Union 
City,  Ind.;  Ionia,  Mich. 

The  First  and  Fourth  Annual  Reports  of  the 
Commissioners  to  the  Borough  Council  of 
the  Town  of  Sewickley,  Pa.,  and  data  in 
relation  thereto 

First,  Second,  Third,  Fourth,  Fifth,  Sixth 
and  Seventh  Annual  Reports  of  the  Water 
Commissioners  of  the  City  of  Fitchburg, 
Mass. 

Report  of  the  Committee  appointed  to  make 
Survey  and  Estimate  of  Cost  for  the 
purpose  of  introducing  Pure  Water  into 
Fitchburg,  Mass..  1866. 

Data  in  relation  to  the  Water  Works  of  Fitch- 
burg, Mass. 

First,  Second,  Third,  Fourth  and  Fifth  An- 
nual Reports  of  the  Water  Commissioners 
of  the  City  of  Allentown,  Pa. 

Data  in  relation  to  the  Water  Works  of  Allen- 
town,  Pa 

Report  of  the  Board  of  Water  Commissioners 
of  the  City  of  Springfield,  Mass.  to  the 
City  Council  for  the  years  1875  to  1880,  in- 
clusive. 

Data  in  relation  to  the  Water  Works  of 
Spriugfieid,  Mass.;  Chicago,  111.;  and  Du- 
buqut-,  Iowa. 

Low  Service  System  for  the  Supply  of  Water 
applied  to  Chicago,  111. 

Articles  of  Incorporation  of  the  Dubuque 
Water  Co.,  together  with  Ordinances  and 
By-Laws  relating  to  the  same. 

First,  Second,  Third,  Fifth,  Sixth,  Seventh, 
Eighth,  Ninth  and  Tenth  Annual  Reports 
of  the  Dayton  Water  Works. 

Laws,  Ordinances  and  By-Laws  for  the 
management  and  protection  of  the  Dayton 
Waterworks  as  amended  and  adopted  by 
the  Board  of  Trustees  April  22,  1875. 

Rules,  Regulations  and  Penalties  of  the  Day- 
ton Water  Works  and  Tariff  of  Water  Rates 
as  amended  and  adopted  by  the  Board  of 
Trustees  April  23,  1875. 

Report  of  the  Trustees  of  the  Dayton  Water 
Works  to  the  City  Council  of  Dayton,  Ohio, 
together  with  the  Reports  of  the  Officers  of 
the  Board  for  the  year  ending  December 
31,  1873. 

By-Laws,  Rules  and  Regulations  for  the 
management  of  the  Dayton   Water  Works 
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as  adopted  bv  the  Board  of  Trustees  April 
18,  1870. 

Data  in  relation  to  Water  Works  of  Dayton. 
Ohio. 

Twentieth,  Twenty- first,  Twenty-second, 
Twenty-third,  Twenty-fourth.  Twenty- 
fifth,  Twenty-six  h.  Twenty-seventh  and 
Twenty-eighth  Annual  Beport8  Of  the  Hoard 
of  Water  Commissioners  to  the  Common 
Council  of  the  City  of  Detroit,  together 
with  the  Reports  of  the  Officers  of  the 
Board. 

Regulations  of  the  Board  of  Water  Com- 
missioners of  the  City  of  Detroit,  Mich. 
January  1,  1873. 

Data  in  relation  to  the  Water  Works  of  De- 
troit. Mich. 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners to  the  Councils  of  the  City  of 
Erie,  Pa.,  for  the  years  1871  to  1879,  in- 
clusive. 

Data  in  relation  to  the  Water  Works  of  the 
City  of  Erie,  Pa. 

First,  Second,  Third,  Fourth,  Fifth,  Sixth 
Annual  Reports  of  the  Watuppa  Water 
Board  to  the  City  Council  of  the  City  of 
Fall  River,  Mass. 

1  >ata  in  relation  to  the  Water  Works  of  Fall 
River,  Mass. 

Inaugural  Address  of  Hon.  Jas.  F.  Daven- 
port, Mayor  of  the  City  of  Fall  River,  and 
City  Officers'  Reports. 

Report  ofthe  City  Engineer,  Grand  Rapids, 
Mich.,  for  the  years  1875  and  1*76. 

Report  of  the  Board  of  Public  Works  of  the 
Citv  of  Grand  Rapids,  Mich.,  forthe  years 
1878  to  1880,  inclusive. 

Report  made  to  the  Special  Committee  ofthe 
Common  Council  of  the  City  of  Grand 
Rapids,  Mich.,  Peter  Hogan,  C.  E.,  April 
5,  1873. 

Report  of  J.  L.  Pillsbury,  Hydraulic  En- 
gineer, concerning  the  supplying  of  Grand 
Rapids,  .Michigan,  with  water. 

Data  in  relation  to  the  Water  Works  of  Grand 
Rapids,  Mich. 

Annual  Reports  of  the  Superintendent  of 
Water  Works  ofthe  City  of  Pittsburg,  Pa., 
for  the  years  1874  and  1877  to  1880,  in- 
clusive. 

Ordinances,  Rules  and  Regulations  for  the 
control  and  management  of  the  Marion 
Water  Works. 
Data  in  relation  to  the  Water  Works  of 
Elizabethtowu,  N.  J.;  Easton,  Pa.;  I  rans- 
vilie,  lud.:  Savannah,  Ga. ;  Cohoes.  N.  ST.; 
Lebanon,  Pa.;  Pottsdam,  N.  Y.:  Central 
City,  Col.;  Lockhaven,   Pa.;    Hackensack, 

\    J  .  :   and  Davenport,  Iowa. 

i  of  the  Water  Commissioners  of  the 
Town  of  Westfield  on  the  Construction  of 
the  Water  Works. 

Annual  Reports  of  the  Treasurer,  Selectmen, 
Overseers  of  Poor,  Water  Commissioners, 
and  Assessors  of  the  Town  of  Westtield, 
from  February  1,  1*77.  to  February  1.  1878. 

Data  in  reiat ion  to  the  Water  Works  of  West- 
Hi  id,  Mass 

Reports  of  the  Standing  Committees  ofthe 
Council  of  the  City  of  Lynchburg,  Va., 
from  July  1.  1875,  to  July  1,  1876. 

Ordinances  of  the  Citj  of  Lynchburg, 
ado], ted  .hue  29,  1872,  and  amended  city 
Charter,  approved  March  6,  1872,  revised 
and  arranged  by  James  Win.  Morgan. 
Published  by  order  of  the  City  Council. 


Data  in  relation  to  the  Water  Works  of 
Lynchburg,  Va. 

Seventeenth  to  Twenty-third  Annual  Reports 
of  the  Water  Commissioners  of  the  City  of 
New  Britain,  Conn. 

Data  in  relation  to  the  Water  Works  of  New 
Britain.  Conn. 

Financial  Statement  of  the  Municipal  Cor- 
poration ofthe  City  of  Hamilton,  Ontario, 
Canada. 

Schedule  of  Water  Rates  of  Hamilton, 
Ontario,  Canada. 

Water  Rates,  Rules  and  Regulations  adopted 
by  the  Corporation  of  the  City  of  Hamilton, 
Out  ,  in  relation  to  the  Introduction  and 
Use  of  the  Water  from  the  City  Water 
Works. 

Data  in  relation  to  the  Water  Works  of 
Hamilton,  Ont. 

The  enlarged  Augusta  Canal.  Augusta,  Ga. 
Its  capacity  and  advantages  for  the  Manu- 
facture of  Cotton  Goods,  with  map  of  loca- 
tion prepared  for  publication  under  the 
direction  ofthe  Board  of  Managers.  Byron 
Holly,  C.  E.,  1875. 

An  Ordinance  to  provide  for  the  care  and 
management  of  the  Augusta  \\  ater  Works. 
Passed  March  8,  1866. 

Data  in  regard  to  the  Water  Works  of  Augusta, 
Ga. 

Annual  Reports  of  the  Town  Officers  of  the 
Town  of  Plymouth,  Mass.,  tor  the  years 
1877  to  1879,  inclusive. 

Annual  Report  of  the  Water  Commissioners 
ofthe  Town  of  Plymouth,  Mass. 

Data  in  relation  to  the  Water  Works  of  the 
Town  of  Plymouth,  Mass. 

First,  Second  and  Third  Annual  Reports  of 
the  Water  Works  Committee  of  the  City  of 
Marshalltown,  Iowa. 

Data  in  relation  to  the  Water  Works  of  the 
City  of  Marshalltown,  Iowa 

First,  Second,  Third  and  Fourth  Annual  Re- 
ports of  the  Water  Commissioners  of  the 
City  of  Taunton,  Mass. 

Data  in  relation  to  the  Water  Works  of  Taun- 
ton, Mass. 

The  City  Clerk's  Financial  Statement  of  the 
City  of  Rockford,  111 

Annual  Report  of  the  City  Officers  of  the 
City  of  Rockford,  111.,  for  the  year  ending 
-May  3,  1880. 

Data  in  relation  to  the  Water  Works  of  Rock- 
ford. 111. 

Annual  Reports  of  the  Mayor  of  the  City  of 
Ogdensburg,  N.  V  .  for  1871,  1872,  1874  to 
1876,  and  1879. 

Data  in  relation  to  the  Water  Works  of 
i    ;densburg,  N.  Y. 

Sixth,  Seventh  and  Eighth  Annual  Reports 
Of  the  Superintendent  of  Water  Works  to 
the  Board  of  Water  Commissioners  of  Bay 
City,  Mich  ,  for  the  years  1875  to  1879,  in- 
clusive. 

Lata  in  relation  to  the  Water  Works  of  Bay 
City,  Mich. 

Seventh  Annual  Report  oi  the  Water  Com- 
in  i  -loners  of  the  Village  of  Saratoga 
Springs,  for  the  year  ending  March  31, 
L879 

Charter  and  By-Laws  of  the  Village  of  Sara- 
toga springs,  together  with  the  Water  Law 
and  By  Laws  pursuant  thereto. 
Lata  in  relation  to  the  Water  Works  of  Sara- 
toga, N.  Y. 

Reports  of  the  Superintendent  of  the  City  of 
Norwich    Water    Works    to    the    Board    of 
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Water  Commissioners,  from  April  1 ,  1870, 
to  March  31,  1875  to  1877,  and  1879  and 
1880. 

Report  on  the  Physical  and  Chemical  Condi- 
tion of  the  »  ater  Supplied  to  the  City  of 
Norwich,  Conn.,  from  Fair  View  Reser- 
voir. 

Report  of  the  Board  of  Water  Commissioners 
to  the  Common  Council  on  the  Inaugura- 
tion, Construction  and  Completion  of  the 
Water  Works  of  Norwich,  Conn.,  with  the 
First  Annual  Statement  of  their  Doings. 

Data  in  relation  to  the  Water  Works  of  Nor- 
wich, Conn. 

Annual  Reports  of  the  Water  Committee,  the 
Water  Commissioner,  the  Water  Registrar 
and  the  City  Engineer  of  the  City  of 
Worcester,  for  the  years  1874  to  1879,  inclu- 
sive. 

Data  in-  relation  to  the  Water  Works  of 
Worcester,  Mass. 

Annual  Reports  of  the  Trustees  of  the  Water 
Works  of  the  City  of  Zanesville,  Ohio,  for 
the  years  1873  to  1880   inclusive. 

Data  iu  relation  of  the  Waterworks  of  Zanes- 
ville, Ohio. 

Annual  Reports  of  the  Superintendent  of  the 
Montreal  Water  Works  for  the  years  1874 
to  1879,  inclusive. 

Report  on  the  Proposed  Enlargement  of  the 
Montreal  Water  Works,  Louis  Lesage, 
Superintendent. 

Employees'  Regulations,  Montreal  Water 
Works. 

Data  in  relation  to  the  Water  Works  of  Mon- 
treal, Canada. 

Third,  Fourth,  Fifth,  Sixth  and  Seventh  An- 
nual Reports  of  the  Board  of  Water  Com- 
missioners to  the  Common  Council  of  the 
City  of  East  Saginaw,  Mich  ,  together  with 
the  Reports  of  the  Superintendent  and 
Secretary . 

Annual  Reports  of  the  Board  of  Water  Com- 
missioners for  1873  and  1874  of  East  Sagi- 
naw, Mich. 

An  Ordinance  establishing  the  Rules  and 
Regulations  of  the  City  of  East  Saginaw, 
Mich.,  together  with  the  Acts  of  Incorpo- 
ration of  said  Board. 

Rules  and  Regulations  of  the  Board  of  Water 
Commissioners  of  East  Saginaw,  Mich., 
Governing  the  use  of  Water. 

Data  in  relation  to  the  Water  Works  of  East 
Saginaw,  Mich. 

Third,  Fourth,  Fifth  and  Sixth  Annual  Re- 
ports of  the  Water  Commissioners  of  the 
City  of  Hudson,  N.  Y. 

Data  in  relation  to  the  Water  Works  of 
Hudson,  N.  Y. 

Second  Annual  Report  of  the  Board  of  Water 
Commissioners  of  the  City  of  Waterbury, 
Conn.,  together  with  the  Reports  of  City 
Clerk,  City  Treasurer  and  Treasurer  of 
Bronson  Library  Fund. 

Data  in  relation  to  the  Water  Works  of 
Waterbury,  Conn. 

Statement  of  the  Finances  of  the  City  of 
Peoria  for  the  years  1871,  1872,  1874  to  1879, 
inclusive. 

Report  of  the  Board  of  Water  Commission- 
ers, submitted  to  the  City  Council  of  the 
City  of  St.  Louis.  Nov.  1,  1867;  May  1, 1868; 
Nov.  1,  1868;  May  1,  1870;  Nov.  1,  1870; 
Mav  1,  1871;  Nov.  1,  1871;  May  1,  1872; 
Nov.  1,  1872;  Nov.  1,  1874;  May  1,  1875; 
May  1,  1876. 

Thf    -Mayor's   Message,  with  Accompanying 


Documents,  to  the  Municipal  Assembly  of 
the  City  of  St  Louis,  for  1867,  1878  to  1880, 
inclusive. 

Reports  of  the  Board  of  Water  Commissioners, 
submitted  to  the  Comptroller  of  the  City  of 
St.  Louis,  for  May  and  Nov.  1,  1873,  and 
May  1,  1874. 

Report  of  the  Board  of  Water  Commissioners, 
submitted  to  the  City  Council  of  the  City 
of  St.  Louis,  Mo.,  Nov.  1,  1875. 

Proposals  to  Contractors.  St.  Louis  Water 
Works. 

Report  of  the  Water  Commissioners  of  the 
City  of  St.  Louis.     October,  1866. 

Semi-Annual  Reports  of  the  Chief  Engineer 
and  Superintendent  of  the  St.  Louis  Water 
Works.     Nov.  1,  1876;  May  1,  1877. 

Data  in  relation  to  the  Water  Works  of  St. 
Louis,  Mo. 

Second  to  Twenty-fifth  Annual  Reports,  in- 
clusive, of  the  Water  Commissioners  to  the 
Common  Council  of  the  City  of  Troy,  N.  Y. 

Data  in  relation  to  the  Water  Works  of  Troy, 
N.  Y. 

Third  and  Fourth  Annual  Reports  of  the 
Board  of  Water  Commissioners  for  the  years 
1876  and  1877. 

Charter,  By-Laws,  Rules,  Regulations  and 
Water  Rates  Governing  the  Atlanta  Water 
Works.     Atlanta,  Ga  ,  1875. 

Data  in  relation  to  the  Water  Works  of 
Atlanta,  Ga. 

Water  Commissioner's  Report  of  the  City  of 
Springfield,  111.,  for  the  years  1869,  1871, 
1873  to  1880,  inclusive. 

Data  in  relation  to  the  Water  Works  of 
Springfield  and  Peoria,  111.:  Salem,  Mass. 

Ordinances  for  the  Government  of  Water 
Takers,  Plumbers,  etc. 

Salem  Water  Works  Reports  in  1869. 

Account  of  the  Proceedings  tipon  the  Trans- 
fer of  the  Salem  Water  Works  to  the  City 
Authorities,  Nov.  16,  1869,  and  the  address 
of  W.  P.  Phillips,  Chairman  of  the  Water 
Commissioners,  and  William  Cogswell, 
Mayor  of  the  City. 

Second  to  Tenth,  inclusive,  Annual  Reports 
of  the  Water  Board  of  the  City  of  Salem, 
Mass.,  to  the  City  Council. 

Report  of  the  Chief  Engineer  of  the  Provi- 
dence Water  Works.     January,  1871. 

History  of  the  Water  Works  of  the  City  of 
Providence.     William  Aspinwall. 

Second,  Third  and  Fourth  Annual  Reports 
of  the  Board  of  Water  Commissioners  of 
the  City  of  Providence,  and  Report  of  the 
Engineer  and  Superintendent. 

First  to  Tenth  and  final  Quarterly  Reports 
of  the  Board  of  Water  Commissioners  of 
the  City  of  Providence. 

First  to  Seventeenth  Quarterly  Reports  of  the 
Water  Commissioners  of  the  City  of  Provi- 
dence. 

Loss  of  Head,  Affecting  Fire  Streams.  Provi- 
dence Water  Works. 

Data  in  relation  to  Providence  Water  Works. 

Report  on  the  Proposed  Enlargement  of  the 
Montreal  Water  Works,  with  maps. 

First  to  Eighth,  inclusive,  Annual  Reports 
of  the  Public  Water  Board  of  the  City  of 
Lynn,  Mass.  Duplicates  of  Third  and 
Eighth. 

First  to  Seventh,  inclusive.  Annual  Reports 
of  the  Water  Board  of  the  City  of  Lowell  to 
the  City  Council. 

Data  in  relation  to  the  Water  Works  of 
Lowell,  Mass. 
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Second  to  Tenth  Annual  Reports  of  the 
Acashnet  Water  Board  to  the  City  Council 
of  New  Bedford,  Mass. 

Imports  of  the  Department  of  Public  Works, 
Milwaukee,  Wis.,  for  the  years  1872, 1876  to 
1879,  inclusive. 

Annual  Report  of  the  Board  of  Public  Works, 
City  of  Milwaukee,  1875,  1876,  1877,  187s 

Second  to  Eighth,  inclusive,  Annual  Reports 
of  the  Hoard  of  Water  Commissioners  and 
Engineers  of  the  City  of  Manchester,  N.  II. 
Duplicate  of  second  and  fifth. 

Data  in  relation  to  the  Water  Works  of  Man- 
chester, N.  H. 

Milwaukee  Water  Works.  Report  of  Board 
of  Water  Commissioners,  December  1, 
1873.  to  December  31,  1874. 

Report  on  Milwaukee  Water  Works,  submit- 
ted by  E.  S.  Chesbrough,  C.  E.,  to  his 
Honor  the  Mayor  and  the  Committee  on 
Water  Works  of  the  City  of  Milwaukee, 
Oct   28,  1868. 

Reports  on  the  Trial  of  Duty  and  Capacity 
of  the  Pumping  Engines  of  Milwaukee 
Water  Works,  May,  1875. 

Data  in  relation  to  the  Water  Works  of  Mil- 
waukee. 

Annual  Reports  of  the  village  of  Kalamazoo, 
Mich.,  for  the  years  1875  to  1877  and  1880 

Data  in  relation  to  the  Water  Works  of  Kala- 
mazoo, Mich. 

Reports  of  the  Newark  Aqueduct  Board  of  the 
City  of  Newark,  N.  J.,  for  the  years  1870  to 
1879,  inclusive. 

Report  on  additional  Water  Supply  of  New- 
ark, N.  J.,  March  6,  1879.  J.  J.  R.  Croes, 
C.  E. 

Rules  and  Regulations  of  the  Newark  Aque- 
duct Board  governing  the  supply  of  \\  ater 
for  the  City  of  Newark,  N.J. 

Act  of  Incorporating  the  Newark  Aqueduct 
Board. 

Data  in  relation  to  the  Water  Works  of  New- 
ark, N.  J. 

First  to  Eleventh,  inclusive,  Reports  of  the 
Board  of  Water  Commissioners  of  the  City 
of  Providence  on  Sewers. 

Reports  of  the  Water  Commissioners  of  the 
City  of  Providence  on  Sewers  for  the  years 
1873  and  1874. 

Reports  of  Committees  appointed  by  the 
Board  of  Aldermen  to  construct  sewers  for 
the  City  of  Providence,  R.  I. 

Report  on  Sewerage  iu  the  City  of  Provi- 
dence, R  I. 

Olhcial  Reports  of  Cue  Duty  Trials  of  the 
Providenci  High-Service  Pumping  Engi  ties 
and  the  contracts  under  which  the  engines 
wi  r<  construct!  a. 

The  Nagle  Pumping  Engine,  built  by  the 
l'i-o\  Ldence  Men  w  Eng  Lni    Com] 

Thirteenth,  Fourteenth  and  Fifteenth  An- 
nual Reports  of  the  Board  of  Directors  of  the 
New  llaven,  Conn.,  Water  Co.  to  the  Stock- 
holders. 

Reports  of  the  Water  Commissioners,  Chiel 
Engineer,  Commissioners  of  .Main    I 
etc.,  and  Prudential  Committee  of  the  Pitts- 
field   Fire   District    for  the   years  1868  to 

1«7.),     llielll 

Data  in  relation  to  the  Water  Works  of  Pitts- 
field,  Maes. 

Annual  Reports  to  the  Fire  District  of  Pitts- 
field,  Mass.,  for  the  years  1876  to  1879,  in- 
clusive. 

Annual  Reports  of  the  City  Officers  of  the 


City  of  Decatur,  111.,  for  the  years  1878  to 
L880,  inclusive, 

Data  in  relation  to  the  Water  Works  of  Deca- 
tur, 111. 

Sixtli  to  Thirteenth  (inclusive)  Annual  Re- 
ports of  the  Board  of  Water  Commissioners 
of  the  City  of  Waterbury  to  the  Court  of 
Common  Council. 

Reports  of  the  Board  of  Water  Commission- 
ers, the  City  Clerk,  City  Treasurer  and 
Treasurer  of  Bronson  Library  Fund  of  the 
City  of  Waterbury,  Conn. 

Municipal  Reports,  City  of  Reading,  Penn., 
for  the  year  1877. 

Auditor's  Seventeenth  Annual  Report  of  the 
Receipts  and  Expenditures  of  the  City  of 
Portland  for  the  financial  year  1875-76. 

Annual  Report  of  the  Auditors,  Common 
Council  and  other  officers  of  the  City  of 
Vergennes  Vt.,  for  the  year  ending  March 
8, 1879. 

Annual  Report  of  the  City  Comptroller  of 
the  City  of  Milwaukee  for  the  year  ending 
December  31,  1879. 

Fourteenth,  Fifteenth,  Seventeenth  to  Twen- 
ty-sixth Annual  Reports  of  the  Board  of 
Water  Commissioners  of  the  City  of  Hart- 
ford, Conn. 

Data  in  relation  to  the  Water  Works  of 
Hartford,  Conn. 

First  and  Second  Annual  Reports  of  the 
Water  Works  Company  of  Dadianapolis, 
Ind. 

Data  in  relation  to  the  Water  Works  of  Indi- 
anapolis, Ind. 

Statement  of  the  Finances  of  the  City  of 
Jacksonville,  111.,  for  the  years  1875  to  1877, 
inclusive. 

Data  in  relation  to  the  Water  Works  of 
Jacksonville,  111. 

Reports  of  Chief  tingineer,  Board  of  Public 
Works  of  Jersey  City,  N.  J.,  for  the  years 
1871  to  1878,  inclusive. 

Tariff  of  Rates  and  Regulations  for  the  Use 
of  the  Passaic  Water:  also  Rules  Regulat- 
ing the  Plumbing  of  Houses  and  the  Tap- 
ping of  Sewers  for  the  years  1871  to  1879, 
inclusive. 

A  Report  on  Supplying  the  City  of  Oswego 
with  Water,  made  to  the  Mayor  and  Com- 
mon Council.  Wm.  J.  McAlpiue,  C.  E., 
September,  18G6. 

Annual  Reports  Submitted  to  the  Board  of 
Councilmen  of  the  Citj  of  Newport,  Ky., 
for  the  years  1S75  to   1879,  inclusive. 

First  Report  of  the  Superintendent  of  Water 

Works  of  the  City  of  Newport,  Ky.,  to  the 

Committ. n    Waterworks  of   the  City 

Council,  made  January  1,  1874. 

Annual  Report  Submitted  to  the  City  Coun- 
cil of  the  City  of  Newport,  Ky.,  for  the 
j  ears  1871  to  1873,  i  aclusive. 

I  t  ill  \l  I II., 
and  Protection  of  the  Newport  Water 
Works,  as  Adopted  by  the  Board  of  Water 
Works  Trustees,  April  9,  1874.  and  con- 
firmed by  tin  ■  H\  Council  of  the  Citj  of 
Newport.  April  15,  1874. 

Newport  Water  Works'  Reports  to  the  Board 
of  Councilmen  from  March  17  to  December 
31,  1874. 

Rep  irt  of  Water  Wm  ks  to  the  Common  Coun- 
eil  of  the  City  of  Newport.  T.  R.  Scow- 
down,  ( I.  E. 

Data  iu  Relation  to  the  Water  Works  of 
Newport,  Ky. 

Reports,  First   to   Ninth,    inclusive,  of   the 
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Board  of  Water  Cornissioners  to  the  Town 
of  Northampton  on  the  Inauguration  and 
Construction  of  the  Water  Works. 

Data  in  Relation  to  the  Water  Works  of 
Northampton,   Masa. 

Annual  Kepoits  of  the  Water  Commissioners 
for  the  City  of  Ottawa,  Can.,  for  the  years 
1876  to  1879,  inclusive. 

Corporation  of  the  City  of  Ottawa,  Canada, 
Auditor's  Report  for  the  year  1875. 

Assessment  Roll  of  By  Ward,  City  of  Otta- 
wa, Canada,  for  the  year  1876 

Assessment  Roll  of  Wellington  Ward,  City  of 
Ottawa,  Canada,  for  the  year  1876. 

Annual  Report  of  the  New  Orleans  Water 
Works  Company  to  the  Board  of  Directors, 
April  10, 1879  and  1880. 

Report  of  Administrator  of  Water  Works  and 
Public  Building  in  Relation  to  Operations 
of  the  City  Water  Works  for  the  financial 
year  ending  September  30,  1871.  New  Or- 
leans, La. 

Report  of  the  Department  of  Water  Works 
and  Public  Buildings  from  December  19, 
1876,  to  December  31,1877.  New  Orleans, 
La.,  January  15,  1878. 

Data  in  Relation  to  the  Water  Works  of  New 
Orleans,  La. 

Annual  Report  of  the  Superintendent  of 
the  Water  Works,  City  of  Allegheny,  for  the 
year  1878. 

Denver  City  Water  Company.  Articles  of  As- 
sociation, Contracts  with  the  City  of  Den- 
ver, etc. 

Water  Commissioners'  Report,  with  Water 
Rates,  Contro  Costa  Water  Company,  Oak- 
land, Cal.,  adopted  July  26,  1877. 

Eighth  Annual  Report  of  the  Town  Officers 
of  Everett,  Mass.,  for  the  year  ending  Feb. 
28,  1878. 


Long  Branch,  N.  J.,  Water  Works.  1877. 

Annual  Report  of  the  Somerville  Mystic 
Water  Board,  1877. 

Report  of  Commissioners  and  Engineer  of 
the  Plymouth,  Mass.,  Water  Works,  1875. 

Report  of  the  Superintendent  of  the  Water 
Works  of  Decatur,  111. 

Holly  Water  Works,in  Maine,  New  York,  In- 
diana and  Georgia. 

Data  in  Relation  to  the  Water  Works  of  the 
following: 

Port  Jervis,  N.  Y. ;  Denison,  Texas  ;  Fred- 
erick, Md..:  Altoona,  Pa.;  Bethlehem,  Pa.; 
Newport,  R  I.;  Plattsburg,  N.  Y.;  Des 
Moines,  Iowa ;  Bristol,  Pa.  ;  Plymouth, 
Pa.;  York,  Pa. :  Danbury,  Conn.;  San  Jose, 
Cal.;  Glens  Falls,  N.  Y.;  Petersburg,  Va.; 
Dunkirk,  N.  Y. ;  Winona,  Minn.;  Athol, 
Mass.;  Oakland,  Cal.;  Muscatine,  Iowa  ; 
Wooster,  Ohio;  Montgomery,  Ala;  Potts- 
ville,  Pa  ;  Anamosa  and  Cedar  Rapids, 
Iowa  ;  Batavia,  N.  Y.;  Greenfield,  Mass.; 
Kittanniug,  Pa.;  Birmingham,  Ala.  ;  Shel- 
burn  Falls,  Mass  ;  Denver,  Col.;  St.  Paul, 
Minn  :  Stamford,  Conn.;  St.  Louis,  Mo. 

Blank  Forms  for  Reservoir  and  Engine  Re- 
ports, Water  Rates,  etc.,  Sterling,  111.; 
Corry,  Pa. ;  Reading,  Pa.;  Geneva,  N.  Y.; 
St.  Joseph,  Mo.;  Charlottesville,  Va. ;  Mar- 
quette, Mich.;  Nashua,  N.  H.;  Canajo- 
harie,  N.  Y. ;  Louisville,  Ky.;  New  Bedford, 
Mass  ;  Vergennes,  Vt.  ;  Waukegan,  HI.; 
Kansas  City,  Mo;  Jersey  City,  N.  J.; 
Mauch  Chunk,  Pa.;  New  York  City  ;  Pots- 
town,  Pa.;  Portland,  Me.;  Jackson,  Mich.; 
Oswego.  N.  Y.  ;  Martinsburg,  W.  Va.  ; 
Lynn,  Mass.;  Ottawa,  Canada;  Norwalk, 
Ohio,  and  New  Haven,  Conn. 


THE  ROWLAND  PRIZE. 


CODE  .OF  EULES  FOE  ITS  AWAED. 


Not  more  than  one  prize  shall  be  awarded  each  year  for  papers  pre- 
sented during  the  year.  The  year  shall  terminate  on  the  first  day  of 
August,  and  the  award  shall  be  announced  at  the  annual  meeting  in 
January. 

The  prize  shall  consist  of  fifty  dollars  in  cash. 

The  award  shall  be  made  by  a  committee  consisting  of  the  Secretary 
and  two  members  of  the  Society,  to  be  appointed  by  the  Board  of  Di- 
rection. 

The  prize  shall  be  awarded  to  such  paper  as  the  committee  deem 
most  worthy  of  such  recognition,  the  preference  being  given  to  papers 
describing  in  detail  accomplished  works  of  construction,  their  cost  and 
manner  of  execution,  and  the  errors  in  design  and  execution. 
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THE    NORMAN    MEDAL. 


CODE  OF  KULES  FOR  ITS  AWARD. 

I.  — Competition  for  the  Norman  Medal  of  the  American  Society  of 
Civil  Engineers  shall  be  restricted  to  members  of  the  Society. 

II.— There  shall  be  one  gold  medal,  and  only  one,  struck  for  each 
and  every  fiscal  year  of  the  Society,  and  awarded  as  hereinafter  pro- 
vided. The  dies  therefor  shall  be  with  the  Superintendent  of  the 
United  States  Mint  at  Philadelphia,  in  trust  exclusively  for  the  above 
purpose.  Such  medal  shall  be  of  a  cost  equal  to  the  annual  interest 
received  upon  $1  000  of  the  Consolidated  Stock  of  the  City  of  New 
York,  Certificate  No.  179,  of  the  additional  new  Croton  Aqueduct  Stock 
of  the  City  of  New  York,  authorized  by  an  Act  of  the  Legislature  of  the 
State  of  New  York,  Chap.  230,  passed  April  15th,  1870,  dated  November 
17th,  1873,  now  held  in  trust  by  the  Treasurer  of  this  Society,  and  so 
held  solely  for  this  purpose,  and  shall  be  executed  upon  his  oi'der. 

III. — All  original  papers  presented  to  the  Society  by  members  of  any 
class,  during  the  year  for  which  the  medal  is  awarded,  shall  be  open  to 
the  award,  provided  that  such  papers  shall  not  have  been  previously 
contributed  in  whole  or  in  part  to  any  other  association,  nor  have 
appeared  in  print  prior  to  their  publication  by  the  Society,  nor  have  been 
presented  to  the  Society  in  any  previous  year. 

IV. — The  Board  of  Censors  to  award  the  medal  shall  consist  of  three 
members  of  the  Society,  to  be  designated  by  the  Board  of  Direction. 
The  Secretary  of  the  Society  shall  act  as  Secretary  to  the  Board  of 
Censors . 

V.— The  medal  shall  be  awarded  to  such  paper  as  the  said  Board  shall 
judge  to  be  worthy  of  special  commendation  for  its  merits  as  a  contribu- 
tion to  engineering  science,  not  merely  relatively  as  compared  with 
others  presented  during  the  same  year,  but  as  exhibiting  the  science, 
talent  or  industry  displayed  in  the  consideration  of  the  subject  treated 
of,  and  for  the  good  which  may  be  expected  to  result  from  .the  discussion 
and  the  inquiry. 

VI.— In  case  no  paper  presented  during  the  year  shall  be  deemed  of 
sufficient  value  to  receive  an  award,  the  amount  of  the  interest  of  the 
fund  for  that  year  shall  be  expended  by  the  Board  of  Direction  in  the 
purchase  of  books,  to  be  offered  as  a  premium  for  the  second  best  paper 
in  the  next  year  in  which  more  than  one  paper  of  sufficient  value  may  be 
presented. 

VII. — The  medal  year  shall  terminate  on  the  first  day  of  August,  and 
the  award  shall  be  announced  at  the  annual  meeting. 

VIII. — The  Treasurer  of  this  Society  shall  cause  the  medal  to  be 
prepared  and  delivered  to,  or  deposited  to  the  order  of,  the  successful 
competitor,  within  two  months  after  the  annual  meeting  at  which  the 
same  shall  have  been  awarded. 
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LIST  OF  MEMBERS. 


ADDITIONS 


MEMBERS.  Date  of  Election. 


Bryson,  Andrew Ch.  Engineer  Harlem  and  Hartford 

B.  B.  and  East  Biver  and  Con- 
necticut B.  B.,  Norwalk,  Conn. .  .  April  1,  1885. 

Butler,  Matthew  Joseph.  ..Ch.  Engineer  Napanee,    Tamworth 

and  Quebec  B.  B.,  Napanee,  Can- 
ada   "         " 

Dawley,  Edwin  Peleg Engineer  New  York,  Providence  and 

Boston  B.  B.,  Providence,  B.  I. . .  "         " 

Gelette,  William  Durfee  .  .Ch.  Assistant  Engineer  Central  Pa- 
cific B.  B.,  corner  Fourth  and 
Townsend  streets,  San  Francisco, 
Cal 

Henthorn,  John  Thomas.  .  Corliss  Steam  Engine'  Co.,  Provi- 
dence, B.  I Dec.   3,  1884. 

Hilbert,  Heliodore  John.  .335  Hanover  street,  Milwaukee,  Wis.,  April  1,  1885. 

Walton,  Louis  Boberts.  ..  .Engineer  for  the  St.  Bernard  Coal 

Co.,  Earlington,  Ky "         " 

Whitlock,  Frank  Wallace. (Elected  Junior,  October  4,  1876.) 
Assistant  Engineer,  City  En- 
gineer's office  (P.  O.  Box  715), 
Waterbury,  Conn "         " 


Haddock,  Arba  B ..Elected    Associate,  May   4,  1881;  died    February 

28,  1885. 
Kingsley,  William  C Elected    Fellow,    June    6,    1870  ;  died     February 

21,  1885. 
Merz,  Frederick  W Elected    Fellow,    May  6,   1870;    died    December, 

1883. 
Wightman,  Henry  M Elected    Member,    April  2,    1873;     died   April  3, 

1885. 
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PROCEEDINGS. 


Vol.  XL— May,  1885. 
MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


May  6th,  1885.— The  Society  met  at  8  p.  m.,  President  Frederic 
Graff  in  the  chair  ;  John  Bogart,  Secretary.  Ballots  were  canvassed 
and  the  following  candidates  elected  :  as  Members— Clifford  Buxton, 
Toledo,  Ohio  ;  Kichard  Morley  Harison,  Liverpool,  England  ;  John 
Franklin  Hinckley,  North  Springfield,  Mo.;  Olaf  Hoff,  Pittsburgh, 
Pa. ;  Edmund  Dorman  Libby,  St.  Louis,  Mo. ;  Robert  Henry  Temple, 
Richmond,  Va. ;  Theodore  Voorhis,  Balston  Spa,  N.  Y. ;  as  Junior — 
David  Coley  Sanford,  New  Haven,  Conn. 

Announcement  was  made  that  the  Convention  of  the  Society  would 
be  held  at  Deer  Park,  Md.,  on  the  line  of  the  Baltimore  and  Ohio  Rail- 
road, June  24th  to  27th,  1885. 

The  presentation  to  the  Society  by  Dr.  J.  E.  Hilgard,  M.  Am.  Soc. 
C.  E.,  Superintendent  United  States  Coast  and  Geodetic  Survey,  of  a 
model  of  the  basin  of  the  Gulf  of  Mexico,  from  soundings  made  by  the 
United  States  Coast  Survey,  was  announced. 

A  paper  by  Eliot  C.  Clarke,  M.  Am.  Soc.  C.  E.,  "Record  of  Tests 
of  Cement  made  for  the  Boston  Main  Drainage  Works,  1878  1884," 
was  presented. 

The  discussion  of  the  paper  on  the  South  Pass  Jetties  was  continued 
by  Messrs.  James  B.  Eads  and  E.  L.  Corthell. 
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May  20th,  1885.— The  Society  met  at  8  p.  m.,  Mr.  Joseph  P.  Davis, 
M.  Am.  Soc.  G.  E.,  in  the  chair  ;  JohnBogart,  Secretary.  The  paper  by 
C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  on  The  Cantilever  Bridge  at 
Niagara  Falls,  was  discussed  by  Messrs.  Christie,  T.  C.  Clarke,  Cooper, 
Gayler,  Goodridge,  Hawks,  Macdonald,  Marshall,  Morison,  Frederick 
H.  Smith,  Henry  W.  Wilson,  Joseph  M.  Wilson  and  Schneider. 

The  paper  by  George  H.  Pegram,  M.  Am.  Soc.  C.  E.,  "Formulas 
for  the  Weights  of  Iron  and  Steel  Railway  Bridges  under  Standard 
Specifications,"  was  discussed  by  Messrs.  Becker,  Hughes,  Hutton, 
Cooper,  Macdonald,  Whittemore,  Joseph  M.  Wilson  and  Pegram. 

OF  THE  BOABD  OF  DIRECTION. 

May  6th,  1885. — Applications  were  considered.  The  Committee  of 
the  Board  reported  the  result  of  a  visit  to  points  which  had  been  con- 
sidered with  reference  to  the  next  Convention.  The  determination  of 
the  time  and  place  for  the  Convention  having  been  at  the  Annual  Meet- 
ing of  the  Society  referred,  with  power,  to  the  Board,  it  was  determined 
that  the  place  should  be  Deer  Park,  Md. ,  and  the  time,  June  24th,  1885. 
Action  was  taken  as  to  Convention  details. 

May  20th,  1885. — A  communication  received  on  the  subject  of  the 
Report  of  the  Committee  on  a  Uniform  System  for  Tests  of  Cement  was 
directed  to  be  sent  to  that  committee.  A  communication,  entitled  "  The 
Permanent  Basis  for  a  National  Engineering  Society,"  was  presented 
with  a  letter  from  A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  and  it  was 
directed  that  the  communication  be  printed  for  the  information  of  mem- 
bers who  may  wish  to  discuss  the  subject  in  the  regular  meeting  of  the 
Society,  to  be  held  during  the  Convention,  for  the  transaction  of 
business. 
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Vol.   XI.— June,  1885. 


MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


ANNUAL  CONVENTION  OF  THE  SOCIETY. 

Held  at  Deek  Park,  Maryland,  on  the  24th,  25th  and  26th  of  June, 

1885. 


FrosT  Session. 


Wednesday,  June  24th,  9:30  a.  m. — The  Convention  was  called  to 
order  by  Mr.  Frederic  Graff,  President  of  the  Society.  The  Secretary, 
Mr.  John  Bogart,  read  the  provisions  of  the  Society  law  relating  to 
Conventions.  The  President  stated  that  under  the  provisions  of  that 
law  referring  to  the  chairmanship  of  the  Convention,  he  had  been  re- 
quested by  the  Committee  of  Arrangements  to  nominate  Mr.  Mendes 
Cohen,  M.  Am.  Soc.  C.  E.,  of  Baltimore,  Md.  Mr.  Cohen  was,  by  the 
Convention,  elected  Chairman  and  was  introduced  by  President  Graff. 
Mr.  Cohen  said: — 

Mr.  President  and  Members  of  the  Society,  I  am  deeply  sensible  of 
the  distinguished  honor  conferred  upon  me  in  thus  selecting  me  to  pre- 
side over  your  Convention,  and  am  equally  sensible  of  my  own  want  of 
experience  in  previous  Conventions  of  the  Society,  so  that  I  must  trust 
somewhat  to  your  indulgence.  We  meet  here,  for  the  first  time,  I  think, 
in  the  history  of  the  Society,  in  the  State  of  Maryland,  and  as  one  of  the 
few  members  of  the  Society  from  this  State  I  bid  you  a  hearty  welcome. 
You  are  on  the  line  of  the  Baltimore  and  Ohio  Railroad,  a  work  with 
which  the  State  has  been  very  largely  indentified  from  the  very  outset, 
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and  a  work  which  has  grown  from  a  very  bold  undertaking  and  very 
small  beginnings  to  its  present  proportions.  The  road,  in  its  develop- 
ment, has  extended  now  to  the  far  west,  and,  as  you  all  know,  is  striving 
to  reach  the  north  as  well.  The  success  of  the  road  has  been  very  largely 
due  to  the  honesty  with  which  it  was  originally  built.  What  is  claimed 
for  it  especially  is  that  very  little  of  the  money  laid  out  on  it  has  ever 
stuck  to  anybody's  fingers,  it  has  all  gone  into  the  work;  and  that,  per- 
haps, is  one  of  the  reasons  why  to-day  it  is  successful  when  a  great  many 
other  roads  are  in  trouble — there  has  been  but  little  money  wasted  upon 
it  in  the  past. 

The  Past  Presidents  of  the  Society  present  at  the  Convention,  Messrs. 
Julius  W.  Adams,  James  B.  Francis  and  Don  J.  Whittemore,  and  the 
President,  Mr.  Frederic  Graff,  were  requested  to  occupy  seats  with  the 
Chairman. 

Mr.  John  Bogart,  M.  Am.  Soc.  C.  E. ,  was  chosen  Secretary,  and  Capt. 
O.  E.  Michaelis,  M.  Am.  Soc.  C.  E.,  was  chosen  Assistant  Secretary  of 
the  Convention. 

The  order  of  proceedings  as  prepared  by  a  Committee  of  Arrangements 
was  then  announced. 

A  paper  by  Mr.  Edward  Bates  Dorsey,  M.  Am.  Soc.  C.  E.,  on 
"  English  and  American  Railroads  Compared,"  was,  in  the  absence  of 
the  writer,  read  by  Secretary  Bogart,  and  discussed  by  Messrs.  M.  J. 
Becker,  W.  H.  Bixby,  John  Bogart,  O.  Chanute,  Mendes  Cohen,  F.  Col- 
lingwood,  E.  L.  Corthell,  J.  J.  R.  Croes,  Thomas  Egleston,  Frederic 
Graff,  Charles  E.  Goad,  J.  J.  De  Kinder,  Edward  P.  North,  O.  E. 
Michaelis,  James  Owen,  William  Sellers,  William  P.  Shirm,  Oberlin 
Smith,  and  A.  M.  Wellington. 

A  paper  by  Professor  Thomas  Egleston,  M.  Am.  Soc.  C.  E.,  on  "  The 
Cause  and  Prevention  of  Decay  in  Building  Stones,"  was  read  by  the 
writer,  and  discussed  by  Messrs.  M.  J.  Becker,  W.  H.  Bixby,  Fred. 
Brooks,  Charles  B.  Brush,  Mendes  Cohen,  F.  Collingwood,  Theodore 
Cooper,  J.  J.  R.  Croes,  F.  G.  Darlington,  J.  F.  Flagg,  Thomas  H.  John- 
son, W.  Katte,  P.  Roberts,  Jr.,  William  P.  Shinn,  Oberlin  Smith,  D.  J. 
Whittemore,  C.  J.  H.  Woodbury,  and  Thomas  Egleston. 

Second  Session. 

June  24th. — The  session  of  the  Convention  was  resumed  at  3  o'clock, 
Mr.  Mendes  Cohen,  M.  Am.  Soc.  C.  E.,  in  the  chair. 

»  The  report  of  the  Committee  on  the  Preservation  of  Timber  was  pre- 
sented by  Mr.  O.  Chanute,  Chairman  of  the  Committee,  and  was  read 
by  Assistant  Secretary  O.  E.  Michaelis.  The  subject  was  discussed  by 
Messrs.  F.  Collingwood,  J.  Foster  Crowell,  J.  J.  R.  Croes,  Thomas 
Egleston,  J.  F.  Flagg,  James  B.  Francis,  E.  A.  Fuertes,  C.  Latimer,  A. 
W.  Locke,  Edward  P.  North,  and  D.  J.  Whittemore. 
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Thibd  Session. 

June  24th. — The  session  of  tlie  Convention  was  resumed  Wednesday 
evening,  at  8  o'clock,  Mr.  Mendes  Cohen,  M.  Am.  Soc.  C.  E.,  in  the 
chair. 

The  Annual  Address  was  delivered  by  Mr .  Frederic  Graff,  Presi- 
dent Am.  Soc.  C.  E. 

After  the  close  of  the  address  stereopticon  views  of  bridges  and  other 
structures  illustrating  discussions  were  exhibited  by  Mr.  John  Bogart, 
Secretary. 

Fourth  Session. 

Thursday,  June  25th. — The  session  of  the  Convention  was  resumed 
Thursday  morning,  at  9.30  o'clock,  Mr.  Mendes  Cohen,  M.  Am.  Soc. 
C.  E.,  in  the  chair. 

A  paper  by  Mr.  F.  Collingwood,  M.  Am.  Soc.  C.  E.  on  "  The  Pres- 
ervation of  Forests,"  was  read  by  the  writer,  and  the  subject  was  dis- 
cussed in  connection  with  the  subject  of  the  Preservation  of  Timber  by 
Messrs.  O.Chanute,  Mendes  Cohen,  F.   Collingwood,  J.  J.  R.  Croes,  J. 

F.  Flagg,  James  B.  Francis,  T.  Egleston,  Charles  Latimer,  G.  Linden- 
thai,  Edward  P.  North,  J.  Nelson  Tubbs,  A.  M.  Wellington,  and  C.  J.  H. 
Woodbury. 

A  paper  by  Mr.  Joseph  M.  Wilson,  M.  Am.  Soc.  C.  E.,  on  "  Speci- 
fications for  Strength  of  Iron  Bridges,"  was,  in  the  absence  of  the 
writer,  read  by  Assistant  Secretary  O.  E.  Michaelis.  This  paper,  and 
the  paper  by  Mr.  C.  C.  Schneider,  M.  Am.  Soc.  C.  E.,  on  "The  Canti- 
lever Bridge  at  Niagara  Falls,"  were  discussed  by  Messrs.  Benjamin 
Baker,  M.  J.  Becker,  O.  Chanute,  F.  Collingwood,  Theodore  Cooper,  J. 

G.  Dagron,  F.  G.  Darlington,  E.  B.  Dorsey,  Charles  Douglas  Fox,  G. 
Lindenthal,  Charles  A.  Marshall,  P.  Roberts,  Jr.,  William  Sellers,  and 
C.  L.  Strobel. 

The  desire  of  the  Department  of  Steam  Transportation  of  the  United 
States  National  Museum,  at  Washington,  to  secure  all  practicable  aid 
from  the  American  Society  of  Civil  Engineers  in  perfecting  its  collection 
was  presented  by  Mr.  J.  Elfreth  Watkins,  C.  E. 

Fifth  Session. 

June  25th. — The  session  of  the  Convention  was  resumed  Thursday 
evening  after  the  business  meeting,  Mr.  William  P.  Shinn,  M.  Am. 
Soc.  C.  E.,  iu  the  chair,  pro  tempore. 

On  motion  of  Mr.  E.  L.  Corthell,  M.  Am.  Soc.  C.  E.,  it  was  re- 
solved :  That  during  the  remaining  sessions  of  the  Convention,  the  read- 
ing of  papers  or  discussions  be  limited  to  fifteen  minutes  each,  and  that 
oral  discussions  be  limited  to  five  minutes  ;  that  these  limits  be  extended 
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in  no  case  except  by  vote  of  the  Convention,  and  that  no  person  should 
speak  more  than  twice  on  the  same  subject. 

The  provisions  of  the  Society  Law  were  read  in  reference  to  the  ap- 
pointment of  a  committee  to  present  nominations  for  officers  of  the 
Society  for  the  next  year,  and  the  following  members  of  the  Society  were 
duly  elected  as  such  committee  : — J.  Herbert  Shedd,  of  Providence,  E.  I. ; 
M.  J.  Becker,  of  Columbus,  Ohio  ;  Eudolph  Fink,  of  Little  Eock,  Ark. ; 
D.  J.  Whittemore,  of  Milwaukee,  Wis.  ;  George  H.  Mendell,  of  San 
Francisco,  Cal. 

Sixth   Session. 

Friday,  June  26th. — The  session  of  the  Convention  was  resumed 
Friday  morning,  at  9:30  o'clock,  Mr.  Mendes  Cohen,  M.  Am.  Soc.  C.E., 
in  the  chair. 

A  paper  by  Mr.  J.  A.  Ockeeson,  M.  Am.  Soc.  C.  E.,  on  "New 
Method  of  Making  Conventional  Signs  on  Topographical  Maps,"  was, 
in  the  absence  of  the  writer,  read  by  Secretary  John  Bogart. 

A  paper  by  Mr.  W.  D.  Bullock,  Jun.  Am.  Soc.  C.  E.,  "Description 
of  Guard  Gates  at  the  Point  Street  Bridge  at  Providence,  E.  I.,"  was, 
in  the  absence  of  the  writer,  read  by  Secretary  John  Bogart. 

A  paper  by  Mr.  Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  on  "The 
Problem  of  the  Submerged  Weir,"  was,  in  the  absence  of  the  writer,  read 
by  Secretary  John  Bogart. 

The  paper  by  Mr.  E.  Sweet,  M.  Am.  Soc.  C.  E.,  on  "TheEadical  En- 
largement of  the  Artificial  Water-way  between  the  Lakes  and  the  Hudson 
Eiver,"  was  discussed  by  Messrs.  A.  Bryson,  F.  Collingwood,  E.  L.  Cor- 
thell,  William  E.  Hutton,  and  Edward  P.  North. 

On  motion,  a  recess  was  taken  to  permit  the  continuation  of  the  busi- 
ness meeting  of  the  Society. 

Seventh   Session. 

Friday,  June  26th. — The  Session  of  the  Convention  was  resumed 
after  the  adjournment  of  the  business  meeting,  Mr.  Mendes  Cohen,  M. 
Am.  Soc.  C.  E.,  in  the  chair. 

An  abstract  of  a  paper  by  Mr.  William  E.  Hutton,  Director  Am. 
Soc.  C.  E.,  on  "The  Mouth  of  the  Maas,"  was  read  by  the  author,  and 
discussed  by  Mr.  E.  L.  Corthell. 

An  abstract  of  a  paper  by  Capt.  O.  E.  Michaelis,  M.  Am.  Soc.  C.  E., 
subject,  "  Can  we  make  Heavy  Guns  ?"  was  presented  by  the  author,  and 
discussed  by  Professor  T.  Egleston. 

A  paper  by  Mr.  Charles  Latimer,  M.  Am.  Soc.  C.  E.,  on  "  Eailroad 
Organization,"  was  read  by  the  writer,  and  discussed  by  Messrs.  O.  Cha- 
nute,  E.  L.  Corthell,  and  Charles  Latimer. 

A  paper  by  Mr.  Charles  B.  Brush,  M.  Am.  Soc.  C.  E.,  on  "The 
Aeration  of  Water,"  was  read  by  the  author,  and  discussed  by  Messrs.  J. 
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J.  R.  Croes,  J.  F.  Flagg,  James  B.  Francis,  E.  Kuichling,  William  E. 
Merrill,  J.  Nelson  Tubbs,  and  Charles  B.  Brush. 

An  abstract  of  a  paper  by  Professor  S.  W.  Robinson,  M.  Am.  Soc.  C. 
E.,  on  "Vibration  of  Bridges,"  was  presented  by  the  author. 

Eighth  Session. 

Friday,  June  26th. — The  Session  of  the  Convention  was  resumed 
Friday  afternoon,  at  3  o'clock,  Mr.  William  Sellers,  M.  Am.  Soc.  C.E., 
in  the  chair,  pro  tempore. 

A  paper  by  Mr.  William  P.  Shinn,  M.  Am.  Soc.  C.  E.,  on  "Power 
Brakes  for  Freight  Engines  and  Cars,"  was  read  by  the  writer,  and  dis- 
cussed by  Messrs.  F.  Collingwood,  E.  L.  Corthell,  J.  F.  Flagg,  Thomas 
H.  Johnson,  Charles  Latimer,  G.  Lindenthal,  and  William  P.  Shinn. 

A  paper  by  Mr.  Thomas  H.  Johnson,  M.  Am.  Soc.  C.  E. ,  on  the 
"  Strength  of  Columns,"  was  read  by  the  writer. 

A  discussion  by  Professor  A.  J.  Du  Bois,  M.  Am.  Soc.  C.  E.,  on  the 
paper  on  "  Formulas  for  the  Weight  of  Iron  and  Steel  Railway  Bridges," 
was  read  by  Mr.  D.  McN.  Stauffer,  M.  Am.  Soc.C.  E.,  and  the  subject 
was  discussed  by  Mr.  George  H.  Pegram,  M.  Am.  Soc.  C.  E. ,  the  writer 
of  the  paper. 

A  discussion  by  Mr.  J.  A.  Ockerson,  M.  Am.  Soc.  C.  E.,  on  the  paper 
by  Mr.  Robert  E.  McMath,  M.  Am.  Soc.  C.  E.,  on  "Levee  Theory  Tested 
by  Facts,"  was  presented  by  the  Secretary. 

On  motion  of  Mr.  Charles  Latimer,  M.  Am.  Soc.  C.  E. ,  it  was  re- 
solved :  That  the  American  Society  of  Civil  Engineers,  in  convention 
assembled,  views  with  satisfaction  the  effort  being  made  by  the  National 
Government,  through  the  Smithsonian  Institution,  to  perpetuate  the  his- 
tory of  the  birth  and  development  of  the  American  Railway  System,  by 
the  establishment  of  the  new  department  of  Steam  Transportation  in  the 
National  Museum. 

On  motion  of  Mr.  Edward  P.  North,  M.  Am.  Soc.  C.  E.,  it  was  re- 
resolved  :  That  the  thanks  of  the  Convention  of  the  American  Society  of 
Civil  Engineers  be  tendered  to  the  officers  of  the  Baltimore  and  Ohio 
Railroad  for  the  courtesies  and  kindness  extended  to  the  members  of  the 
Society  in  the  arrangements  made  for  their  comfort  by  that  railroad  ; 
also  to  Mr.  R.  K.  Martin,  C.  E.,  Chief  Engineer  of  the  Baltimore  Water 
Works,  for  the  instructive  and  enjoyable  trip  to  the  works  under  his 
charge  ;  also  to  the  members  of  the  Society  resident  at  Baltimore,  for 
their  attention  to  those  visiting  that  city  en  route  to  the  Convention. 

Resolved,  That  the  thanks  of  this  Convention  be  tendered  to  Mendes 
Cohen,  Esq.,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Convention,  for  the 
able  and  courteous  manner  in  which  he  has  conducted  the  deliberations 
of  this  Convention. 

The  Convention  then  adjourned. 
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The  following  93  members  were  in  attendance  at  the  Convention  : 
Julius  W.  Adams,  Brooklyn,  N.  Y.  ;  W.  H.  Atwood,  Fannettsburg,  Pa.  ; 
Fred.  Brooks,  Boston,  Mass.  ;  John  W.  Bacon,  Danbury,  Conn.  ;  John 
Bogart,  Henry  R.  Bradbury,  New  York  City  ;  Win.  F.  Booth,  Pough- 
keepsie,  N.  Y.  ;  Charles  B.  Brush,  Hoboken,  N.  J.  ;  A.  Bryson,  Wash- 
ington, D.  C.  ;  C.  P.  E.  Burgwyn,  Kichmond,  Va.  ;  Wni.  H.  Bixby, 
Wilmington,  N.  C.  ;  M.  J.  Becker,  Columbus,  Ohio  ;  G.  Bouscaren, 
Cincinnati,  Ohio  ;  Theodore  Cooper,  E.  L.  Corthell,  J.  James  R.  Croes, 
New  York  City  ;  W.  B.  Cogswell,  Syracuse  ;  C.  L.  Crandall,  Ithaca, 
N.  Y.  ;  Francis  Collingwood,  Elizabeth  ;  Martin  Coryell,  Lambertville, 
N.  J.  ;  Mendes  Cohen,  Baltimore,  Md.  ;  S.  H.  Chittenden,  Washington, 
D.  C.  ;  J.  Foster  Crowell,  Pittsburgh,  Pa.  ;  O.  Chanute,  Kansas  City, 
Mo.  ;  E.  P.  Dawley,  Providence,  R.  I.  ;  Joseph  P.  Davis,  New  York 
City  ;  Frank  G.  Darlington,  Pittsburgh  ;  Charles  Davis,  Allegheny,  Pa.  ; 
Thomas  Egleston,  New  York  City  ;  James  B.  Francis,  Lowell,  Mass.  ; 
Arthur  J.  Frith,  J.  Foster  Flagg,  New  York  City  ;  E.  A.  Fuertes,  Ithaca, 
N.  Y.  ;  Rudolph  Fink,  Little  Rock,  Ark.  ;  Fred.  Graff,  Philadelphia, 
Pa. ;  David  M.  Greene,  Troy,  N.  Y. ;  Charles  E.  Goad,  Montreal,  Canada  ; 
Charles  E.  Greene,  Ann  Arbor,  Mich.  ;  Stephen  S.  Haight,  West 
Farms  ;  Wm.  J.  Haskins,  Frank  H.  Howes,  William  R.  Hutton,  New 
York  City  ;  William  A.  Haven,  Buffalo,  N.  Y.  ;  James  H.  Harlow,  Will- 
iam P.  Harris,  Pittsburgh,  Pa. ;  James  D.  Hawks,  Detroit,  Mich. ;  W.  H. 
Jennings,  Thomas  H.  Johnson,  Columbus,  Ohio;  Walter  Katte,  New 
York  City;  Emil  Kuichling,  Rochester;  Louis  H.  Knapp,  Buffalo,  N.  Y. ; 
A.  W.  Locke,  North  Adams,  Mass. ;  C.  H.  Latrobe,  Baltimore,  Md. ; 
Gustav  Lindenthal,  Pittsburgh,  Pa. ;  Charles  Latimer,  Cleveland,  Ohio; 
Sidney  F.  Lewis,  New  Orleans,  La. ;  O.  E.  Michaelis,  West  Troy,  N.  Y. ; 
Henry  G.  Morris,  Philadelphia,  Pa. ;  David  E.  McComb,  A.  G.  Menocal, 
Washington,  D.  C. ;  C.  A.  Marshall,  Johnstown,  Pa.;  William  E.  Merrill, 
Cincinnati,  Ohio;  Edward  P.  North,  F.  0.  Norton,  New  York  City; 
James  Owen,  Newark  ;  F.  S.  Odell,  Lawrenceville,  N.  J.  ;  Franklin  C. 
Prindle,  Bloomfield,  N.  J.  ;  George  H.  Pegram,  Wilmington,  Del.  ; 
John  A.  Partridge,  Washington,  D.  C.  ;  William  A.  Pratt,  Clarksburg, 
W.  Va.  ;  James  C.  Post,  Cincinnati,  Ohio  ;  Joseph  R.  Richards,  Boston, 
Mass.  ;  B.  Frank  Richardson,  Percival  Roberts,  Jr.,  Philadelphia,  Pa.  ; 
James  L.  Randolph,  Baltimore,  Md.  ;  S.  W.  Robinson,  Columbus, 
Ohio;  George  F.  Swain,  Boston,  Mass.  ;  William  P.  Shinn,  D.  McN. 
Stauffer,  New  York  City  ;  Oberlin  Smith,  Bridgeton,  N.  J.  ;  William 
Sellers,  Philadelphia,  Pa.  ;  Frederick  H.  Smith,  Baltimore,  Md.  ; 
Charles  L.  Strobel,  Pittsburgh,  Pa.  ;  Arthur  H.  Scott,  Milwaukee, 
Wis.  ;  J.  Nelson  Tubbs,  Rochester,  N.  Y.  ;  William  Watson,  C.  J.  H. 
Woodbury,  Boston,  Mass.  ;  Edmund  B.  Wtston,  Providence,  R.  I.  ; 
Nelson  J.  Welton,  Waterbury,  Conn.  ;  A.  M.  Wellington,  William  H. 
Wiley,  New  York  City;  John  A.  Wilson,  Philadelphia,  Pa.,  and  D.J. 
Whittemore,  Milwaukee,  Wis. 
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Forty- six  ladies  of  the  families  of  members  accompanied  them  on 
the  occasion  of  this  Convention. 

On  Thursday  afternoon,  by  invitation  of  the  Baltimore  and  Ohio 
Railroad,  an  excursion  was  made  to  the  Cheat  River  Grade,  the  King- 
wood  Tunnel,  the  Tray  Run  Viaduct,  and  other  points  on  the  mountain 
division  of  the  road.  The  Tray  Run  Viaduct  was  designed  thirty-three 
years  ago  by  Mr.  Albert  Fink,  Past  President  Am.  Soc.  C.  E.,  and  is 
particularly  interesting  as  one  of  the  earliest  iron  viaducts.  Under  the 
guidance  of  the  engineers  who  had  been  engaged  in  the  construction  of 
the  railway,  the  line,  with  10  per  cent,  grade,  which  was  operated  during 
the  construction  of  the  Kingwood  Tunnel,  was  examined.  The  beauti- 
ful scenery  of  the  Cheat  River  was  greatly  enjoyed. 

On  Friday  evening  occurred  the  banquet,  at  the  Deer  Park  Hotel. 
Towards  the  close  of  the  banquet  toasts  were  given  and  responded  to 
as  follows  : 

"  The  Pioneer  Railroad  Engineers  of  Our  Country  :  Their  daring 
and  successful  efforts  have  furnished  a  sure  foundation  for  the  present 
magnificent  superstructure."  Responded  to  by  Mr.  Mendes  Cohen, 
Chairman  of  the  Convention. 

"  The  Engineer  :  A  man  of  broad  scientific  education,  ready  to 
undertake  the  utilization  of  every  phenomenon  and  power  of  nature  to 
the  needs  of  man."  Responded  to  by  Mr.  Don  J.  Whittemore,  Past 
President  Am.  Soc.  C.  E. 

"  The  Engineer  Abroad  :  The  modern  apostle  preaching  and  practic- 
ing true  scientific  methods  in  partibus  remotis."  Responded  to  by  Mr. 
Charles  H.  Latrobe,  M.  Am.  Soc.  C.  E. 

"  Our  Past  Presidents  :  The  laurels  they  have  won  are  imperishable 
garlands  that  will  keep  their  memories  green  in  our  annals."  Responded 
to  by  Col.  Julius  W.  Adams,  Past  President  Am.  Soc.  C.  E. 

"  The  Future  of  the  American  Society  of  Civil  Engineers  as  a  Factor 
in  Engineering  Progress."  Responded  to  by  Mr.  Frederic  Graff,  Presi- 
dent Am.  Soc.  C.  E. 

"  The  Baltimore  and  Ohio  Railroad  :  Pioneer  and  Picturesque." 
Responded  to  by  Mr.  Samuel  Spencer,  First  Vice-President  of  the  B. 
and  O.  R.  R. 

"  The  Ladies."  Responded  to  by  Mr.  Theodore  Cooper,  Director 
Am.  Soc.  C.  E. 


A  large  number  of  members  of  the  Society  met  in  Baltimore  on  the 
Monday  previous  to  the  Convention.  Arrangements  had  been  made  by 
the  members  resideut  in  Baltimore,  in  concert  with  other  residents  of 
the  city,  and  with  the  officers  of  the  Baltimore  and  Ohio  Railroad,  for 
two  excursions  on  Monday  afternoon. 

One  party  left  the  Camden  station  early  in  the  afternoon  and  went 
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by  rail  to  Locust  Point,  and  inspected  the  freight  and  marine  terminal 
arrangements  of  the  Baltimore  and  Ohio  Eailroad,  the  elevators  and 
docks.     The  fire  service  was  also  exhibited. 

A  sail  about  the  harbor  of  Baltimore  was  then  enjoyed  through  the 
courtesy  and  under  the  guidance  of  Mr.  N.  H.  Hutton,  C.  E.,  engineer 
in  charge  of  the  Harbor  Works. 

The  steamer  then  proceeded  to  Fort  McHenry  and  then  to  Fort 
Carroll,  the  works  of  which  were  examined  under  the  escort  of  Lt.- 
Colonel  William  P.  Craighill,  Corps  of  Engineers,  U.  S.  A.  The  return 
to  Baltimore  was  by  boat  to  Curtis  Bay,  and  by  special  train  on  the 
Baltimore  and  Ohio  Railroad  to  the  city. 

The  other  party,  by  invitation  and  under  the  escort  of  Mr.  R.  K. 
Martin,  Chief  Engineer  of  the  Baltimore  Water  Department,  visited  the 
Water  Works.  Carriages  were  taken  to  the  station  of  the  Western 
Maryland  Railroad,  and  by  special  train,  the  impounding  reservoir, 
Loch  Raven,  on  the  G-unpowder  River,  was  reached.  The  Masonry 
Dam  and  the  Gate  House  were  examined,  a  model  built  to  scale  aiding 
greatly  in  this  examination.  After  a  hospitable  entertainment,  the 
party  next  visited  Lake  Montebello,  the  settling  reservoir  at  the  terminus 
of  the  seven-mile  tunnel  conduit  from  Loch  Raven.  The  works  of  con- 
struction of  Lake  Clifton  were  then  examined,  and  the  return  made  to 
the  city  through  Druid  Hill  Park,  where  the  Pumping  Station  and  the 
reservoir  for  high  service  were  inspected. 

On  Monday  evening  the  members  and  their  families  visited  the  Bal- 
timore Academy  of  Music,  by  invitation  of  the  officers  of  the  Baltimore 
and  Ohio  Railroad. 

On  Tuesday  morning,  June  23d,  a  special  train  on  the  Baltimore  and 
Ohio  Railroad  was  taken.  The  first  stop  was  at  the  Mt.  Clare  shops 
of  the  road,  where  an  hour  was  spent  in  a  general  inspection.  The  train 
thence  proceeded  by  the  old  main  line,  stops  being  made  at  points  of 
engineering  or  picturesque  interest.  Deer  Park  was  reached  early  in  the 
evening. 

On  Saturday  morning,  after  the  close  of  the  Convention,  those  who 
desired  to  go  east  took  the  special  train  on  the  Baltimore  and  Ohio  Rail- 
road. This  train  was  run  to  Baltimore  and  Washington  at  remarkably 
high  speed.  At  Baltimore  a  transfer  was  made  to  a  special  train  of  the 
Pennsylvania  Railroad  in  waiting,  which  was  run  directly  through  to 
Philadelphia  and  New  York.  Special  resolutions  of  thanks  for  this 
courtesy  were  passed  to  the  Pennsylvania  Railroad  Company  and  to  Mr. 
Charles  E.  Pugh,  General  Manager. 

The  special  trains  on  the  Baltimore  and  Ohio  Railroad  were  very 
handsomely  arranged,  and  the  officers  of  the  road  were  constant  in  their 
attention  to  the  members  of  the  Society,  whose  acknowledgment  is  par- 
ticularly due  to  Mr.  C.  K.  Lord,  the  General  Passenger  Agent;  Mr.  J. 
G.    Pangborn,    the   Assistant   General  Passenger  Agent;    Mr.    W.    N. 
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Boiling,  Engineer  of  Real  Estate;  Mr.  Charles  Ackenheil,  Engineer  Mt. 
Clare  shops;  Mr.  W.  P.  Harris,  Superintendent  Pittsburgh  Division,  and 
other  officers  of  the  road. 

The  result  of  this  Convention  at  the  Deer  Park  Hotel  has  been,  in 
the  opinion  of  the  members  attending,  a  successful  accomplishment  of 
the  suggestions  advanced  in  the  circular  on  the  subject,  issued  by  the 
Board  of  Direction  at  the  beginning  of  the  year,  namely: 

"  The  presentation,  consideration  and  undisturbed  discussion  of  pro- 
fessional subjects. 

"The  opportunity  for  free  intercourse  between  members  of  the  So- 
ciety gathering  at  our  Conventions  from  all  parts  of  the  United  States, 
and,  in  fact,  of  the  world. 

"  Such  opportunities  for  social  recreation  as  may  not  interfere  with, 
but  rather  aid,  the  other  objects  mentioned  above." 


Meetings  of  the  Society. 

June  3d,  1885. — The  Society  met  at  8  p.  m.,  President  Frederic 
Graff  in  the  chair  ;  John  Bogart,  Secretary.  Ballots  were  canvassed  and 
the  following  candidates  declared  elected  :  as  Members  :  Ellery  dishing 
Appleton,  Canajoharie,  N.  Y.;  Norman  Wilder  Eayrs,  Newport,  R.  I.; 
John  Douglas  Fou(piet,  Fishkill,  N.  Y. ;  Francis  Vinton  Greene,  Wash- 
ington, D.  C. ;  Edlow  Wingate  Harrison,  Jersey  City,  N.  J.;  Robert 
Woolston  Hunt,  Troy,  N.  Y. ;  William  Cornell  Jewett,  Cincinnati,  Ohio; 
Charles  Roberts  Johnson,  New  York  City;  Jonathan  Parker  Snow,  Woon- 
socket,  It.  I. ;  Denning  Jarves  Thayer,  New  York  City.  As  Associate  : 
John  Woodbridge  Davis,  New  York  City.  As  Junior  :  William  Barnard 
Fuller,  Glendive,  Montana. 

The  death,  on  May  30th,  1885,  of  Mr.  M.  T.  Seymour,  F.  Am.  Soc. 
C.  E.,  was  announced. 

The  paper  by  Eliot  C.  Clarke,  M.  Am.  Soc.  C.  E.,  "  Record  of  Tests 
of  Cement  made  for  the  Boston  Main  Drainage  Works,  1878-1884,"  was 
read  and  discussed. 

June  17th,  1885. — The  Society  met  at  8  i\  m.,  Mr.  John  C.  Campbell, 
M.  Am.  Soc.  C.  E.,  in  the  chair  ;  John  Bogart,  Secretary. 

A  paper  by  Clemens  Herschel,  M.  Am.  Soc.  C.  E.,  on  "  The  Problem 
of  the  Submerged  Weir,"  was  presented. 

Mr.  S.  B.  Stevenson,  C.  E.,  gave  an  account  of  the  progress  of  work 
on  the  Panama  Ship  Canal,  upon  which  he  had  been  for  some  time  en- 
gaged. 

June  25th,  1885.— (Business  Meeting  during  the  Annual  Convention 
at  Deer  Park,  Md.)  The  Society  met  at  8  o'clock,  Thursday  evening, 
Mr.  Frederic  Graff,  President,  in  the  chair;  John  Bogart,  Secretary. 

The  Report  of  the  Committee  on  the  Preservation  of  Timber  was 
presented  by  the  Chairman,  Mr.  O.  Chanute,  M.  Am.  Soc.  C.  E.,  and 
on  motion  was  accepted.    The  thanks  of  the  Society  were  tendered  to  the 
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Committee  for  the  very  faithful  manner  in  which  they  have  discharged 
their  duties  and  the  excellent  report  they  have  made,  and  the  Committee 
was  discharged. 

The  report  of  a  majority  of  the  Committee  on  a  Uniform  System  for 
Tests  of  Cements  was  presented,  with  a  letter  from  Gen.  Q.  A.  Gill- 
moke,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Committee. 

A  minority  report  was  presented  by  Messrs.  D.  J.  Whittemore  and 
F.  O.  Norton,  members  of  the  Committee. 

After  discussion  by  Messrs.  J.  J.  R.  Croes,  Joseph  P.  Davis,  T.  H. 
Johnson,  William  P.  Shinu,  D.  J.  Whittemore,  Theodore  Cooper, 
Thomas  Egleston,  and  Charles  Latimer,  it  was,  on  motion,  resolved  that 
both  the  majority  and  minority  reports  be  received  and  printed  in  the 
Transactions  of  the  Society,  and  that  the  thanks  of  the  Society  be  ten- 
dered to  the  members  of  the  Committee,  and  the  Committee  be  dis- 
charged. 

(For  further  action  see  page  98.) 

The  Committee,  Messrs.  H.  Stanley  Goodwin,  C.  C.  Watte,  and 
John  F.  Barnard,  appointed  to  present  the  subject  of  Standard  and  Im- 
proved Time  to  the  Eailway  Time  Conventions,  reported  progress,  and 
was  continued.  This  Committee  was  appointed  under  a  resolution 
adopted  at  the  Annual  Meeting  in  January  last,  and  in  accordance  with 
the  recommendations  of  the  Standing  Committee  on  Uniform  Standard 
Time. 

The  President  of  the  Society  stated  that  at  the  Annual  Meeting  in 
January  last  it  was  resolved  that  the  Committee  to  which  had  been  re- 
ferred the  subject  of  a  Uniform  System  for  Tests  of  Cements  be  requested 
by  the  Board  of  Direction  to  consider  the  subject  of  the  compressive 
strength  of  cement,  and  also  of  the  actual  compression  of  cement  and  the 
settlement  of  masonry,  and  the  Board  be  empowered  to  fill  the  place  of 
any  members  of  that  Committee  who  may  not  be  desirous  of  serving 
upon  this  continued  investigation. 

Steps  had  been  taken  by  the  Board  to  complete  the  organization  of 
such  a  Committee  and  it  would  be  announced  after  the  publication  of 
the  report  of  the  present  Committee. 

The  subject  of  a  place  for  the  nest  Convention  was  presented. 

The  following  letter  was  read: 

The  American  Exhibition  in  London,  1886,  ) 
City  Offices:  7  Poultry,  London,  E.  C,      > 
5th  January,  1885.  ) 

D.  J.  Whittemore,  Esq.,  President, 

The  American  Society  of  Civil  Engineers,  New  York. 
Dear  Sir, — As  the  representative  of  the  Executive  Council  of  the 
American  Exhibition  to  be  held  in  London  in  1886,  it  affords  me  ex- 
ceeding pleasure  on  their  behalf  to  invite  the  American  Society  of  Civil 
Engineers  to  hold  their  Annual  Convention  in  London  in  1886 
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We  shall  be  delighted  to  provide  the  members  with  rooms  for  their 
meetings,  and  to  do  all  in  our  power  to  promote  their  pleasure  and  com- 
fort. 

Negotiations  have  already  been  entered  into  with  Atlantic  steamship 
lines  by  which  a  material  saving  in  the  usual  passenger  rates  will  be 
effected,  and  such  of  the  members  of  your  Society  as  shall  honor  us  by 
accepting  our  invitation  will,  of  course,  have  every  communication 
a  Horded  them,  so  that  they  may  profit  by  the  favorable  terms  we  are 
certain  to  obtain. 

In  the  hope  that  this  invitation  will  be  favorably  received  and  ac- 
cepted, 

I  am,  dear  sir,  yours  respectfully  and  faithfully, 

John  R.  Whitley,  Director-General. 

Accompanying  this  were  letters  to  Mr.  Whitley  expressing  a  desire  to 
co-operate  in  giving  welcome  to  American  Engineers,  should  they  decide 
to  meet  in  London,  as  invited.  These  letters  were  from  the  Society  of 
Engineers,  London;  the  Institution  of  Engineers  and  Shipbuilders  in 
Scotland;  the  Institution  of  Civil  Engineers  of  Ireland,  and  the  North  of 
England  Institute  of  Mining  and  Mechanical  Engineers. 

Further  consideration  of  the  subject  was  postponed  by  unanimous 
consent. 

Mr.  A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  offered  the  following 
resolution,  which  was  seconded  by  Mr.  Charles  Latimer,  M.  Am.  Soc. 
C.  E.: 

Whereas,  The  relation  which  the  form  of  the  head  of  a  rail  should 
bear  to  the  section  of  a  car-wheel  tread  and  flange  has  recently  been  in 
dispute,  it  being  asserted,  on  the  one  hand,  that  they  should  have  as  long 
a  line  of  contact  as  possible,  and,  on  the  other  hand,  that  such  long  con- 
tact would  be  dangerous  and  injurious;  and, 

Wliereas,  The  question  raised  by  this  diversity  of  view  is  of  direct 
importance  to  many  members  of  this  Society,  as  well  as  to  the  public  in- 
terest, and  hence  is  one  which  this  Society  may  appropriately  consider 
through  committee;  therefore,  be  it 

Resolved,  That  a  committee  of  five  members  of  this  Society  be 
appointed  by  the  President  to  consider  and  report  to  the  Society  on  the 
proper  relation  to  each  other  of  the  sections  of  rails  and  wheels  ;  to 
what  extent  and  at  what  points  it  is  expedient  that  their  sections  should 
be  such  as  to  bring  them  normally  in  contact,  and  to  what  extent  and  at 
what  points  it  is  not  expedient  that  they  should  be  so  in  contact  ;  and 
that  the  Committee  be  instructed  to  seek  information  from  all  those  who 
are  known  to  have  given  the  subject  attention. 

Under  the  provisions  of  section  23  of  the  By-Laws  this  resolution 
was  referred  to  the  Board  of  Direction  to  report  to  the  Society,  and  to 
be  issued  for  vote  by  letter  ballot . 
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Mr.  A.  M.  Wellington,  M.  Am.  Soc.  C.  E.,  offered  the  following 
resolution  : 

Resolved,  That  the  President  be  authorized  to  appoint  a  committee, 
to  consist  of  seven  members  of  the  Society,  which  committee  shall  be 
instructed  to  consider  the  matter  of  making  such  changes  in  the  organi- 
zation of  the  Society  as  may  be  desirable  in  connection  with  the  subject 
of  local  engineering  societies  or  clubs,  and  of  sections  or  chapters  of  the 
Society  ;  also  to  take  into  consideration  the  future  policy  of  the  Society 
in  relation  to  the  admission  of  branches  of  engineering  not  now 
generally  represented  in  the  Society  ;  and  that  the  committee  be 
authorized  to  confer  directly  with  the  members  of  the  Society  and  with 
local  organizations  ;  the  committee  to  report  the  information  obtained 
and  conclusions,  if  any,  reached  by  the  committee. 

Mr.  Wellington. — I  presume  that  almost  every  member  here  has 
received  a  memorandum  in  the  form  of  a  paper  which  I  have  presented 
before  the  Board  of  Direction,  and  I  will  not  occupy  time  in  reading  it, 
but  I  wish  to  add  a  few  words  which  have  occurred  to  me  since  that 
time  in  answer  to  certain  objections  which  I  have  heard.  I  think  a  very 
large  majority  of  the  Society  are  in  favor  of  the  general  idea  covered  by 
that  resolution.  I  think  that  I  have  submitted  in  that  paper  all  that  is 
incumbent  on  me  to  do,  and  I  will  simply  add  that  in  taking  this  action 
at  all  I  have  acted  from  a  sense  of  duty  and  from  a  strong  interest  in  the 
Society,  and  desire  for  its  welfare.  I  have  conferred  with  only  a  few 
members  in  regard  to  it ;  I  have  not  attempted  to  work  up  any  sentiment 
in  its  favor.  If  the  sentiment  of  the  Society  in  general  is  in  favor  of 
the  plan  which  I  have  outlined,  I  think  it  will  be  greatly  to  its  interest ; 
if  it  is  not,  the  responsibility  will  rest  with  some  one  besides  me.  I 
will,  however,  read  a  few  communications  which  have  reached  me, 
mostly  since  I  came  here.  I  sent  a  few  copies  of  the  paper  I  have 
referred  to  through  the  Secretary  to  various  officers  of  the  local 
engineering  societies,  and  I  have  received,  mostly  at  this  Convention, 
a  number  of  responses,  showing  in  a  general  way  the  sentiment  with 
which  they  viewed  it.  Perhaps  the  most  interesting  one  is  the  last 
report  of  the  Western  Society  of  Engineers  of  their  meeting  held  on 
the  16th  of  June.  The  meeting  was  devoted  to  the  general  question 
raised  by  my  paper,  and  the  result  is  stated  as  follows  :  "The  expression 
of  views  of  members  present  was  unanimously  favorable  to  the  general 
suggestions  made  by  Mr.  Wellington."  I  simply  refer  to  this  as  one  of 
the  indications  that  in  an  association  that  already  exists  there  is  a  strong 
movement  to  develop  that  association  into  something  which  shall 
mount  into  a  national  organization  on  a  little  different  plan  from  this, 
but  under  conditions  which  I  think  would  be  seriously  disadvantageous 
to  this  Society  to  allow  to  go  on. 

Mr.  Wellington  also  read  communications  received  by  him  on  the 
same  subject  from  Benezette  Williams,  Esq.,  President  of  the  Western 
Society  of  Engineers,  and  others. 
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Mr.  E.  L.  Cortiiell. — I  second  the  resolution. 

Capt.  O.  E.  MiCHAEiils. — Having  beard  the  resolution  read,  it  ap- 
pears to  me  that  it  is  not  in  strict  concord  with  the  discussion  of  the 
proposer.  There  is  nothing  in  the  resolution  relating  to  the  formation 
of  a  national  society,  and  from  the  tenor  of  Mr.  Wellington's  remarks 
I  was  led  to  believe  that  bis  resolution  covered  that. 

Mr.  A.  M.  Wellington. — I  made  no  remarks  on  the  subject  of  a 
national  association  ;  I  simply  read  letters  in  regard  to  it. 

Capt.  O.  E.  Michaelis. — In  regard  to  that  matter  I  desire  to  say 
that  so  far  as  national  laws  can  carry  out  a  purpose,  this  Society  is 
already  a  national  society.  It  may  be  chartered  under  the  laws  of  the 
State  of  New  York  for  the  purpose  of  holding  real  estate  there,  but  the 
Congress  of  the  United  States,  three  years  ago,  in  accordance  with  the 
action  of  a  committee  of  this  Society,  of  which  I  was  at  that  time  a 
member,  did  formally  recognize  this  Society,  and  the  law  recognizes 
to-day  this  Society  as  a  national  organization,  and  the  law  has  been 
re-enacted  three  times  since  that  date. 

Mr.  Charles  Latimer. — I  am  a  member  of  the  Western  Society  of 
Engineers  and  also  of  the  Cleveland  Society.  I  want  to  state  that 
there  is  no  antagonism  in  either  of  those  societies  to  the  American 
Society  of  Civil  Engineers,  but,  on  the  contrary,  an  excellent  feeling. 
The  Presidents  of  those  societies  have  been  selected  in  many  instances 
from  the  American  Society  of  Civil  Engineers,  and  I  want  to  see  the 
resolution  start  right,  with  a  proper  feeling  in  the  Society.  I  wish  to 
say  that  a  joining  of  the  societies  in  some  manner  is  very  advisable. 
The  national  society  is  already  here,  and  it  is  the  national  society  of  the 
country.  There  is  no  necessity  for  two,  but  joining  these  societies 
together  is  certainly  an  admirable  arrangement,  and  will  produce  great 
good.  With  any  possibility  of  jealousy,  or  any  feeling  engendered  here 
or  there,  it  should  not  be  done  ;  but  certainly  there  would  not  be  any- 
thing contrary  to  the  best  interests  of  the  engineering  societies  of  the 
whole  country  in  joining  them  together  in  some  way.  In  regard  to  the 
question  of  equality  it  is  only  a  question  of  acquirements — no  question 
of  social  tests— simply  a  question  of  education. 

Mr.  E.  L.  Corthell. — In  seconding  this  resolution  I  intended  to 
say  a  word.  I  have  given  this  matter  considerable  thought  since  it  was 
first  brought  to  my  attention  some  time  ago  by  Mr.  Wellington,  and  it 
has  been  in  the  line  of  my  thought  for  some  years  past,  the  uniting,  as 
far  as  possible,  the  whole  engineering  profession  in  every  possible  way. 
I  think  the  remarkable  development  and  growth  of  other  engineering 
societies  in  this  country  shows  how  strong  the  sentiment  is  in  other 
societies  of  uniting  together  for  mutual  improvement,  for  mutual  help, 
and  for  assistance  to  the  profession.  There  are  a  large  number  of 
societies,  and  this  paper  that  Mr.  Wellington  has  written  shows  that 
there  is  a  large  fellowship  of  engineers  who  have  united  themselves  in 
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this  and  other  societies.  What  I  have  in  my  mind  is  nothing  in  the  way 
of  a  suggestion,  but  simply  the  utterance  of  my  sentiment,  and  that  is, 
if  there  can  be  a  confederation  by  which  all  members  of  the  profession 
can  be  drawn  together  more  closely  for  mutual  improvement  and  benefit 
it  will  assist  us  very  materially  in  many  ways  that  we  do  not  now  appre- 
ciate. We  know  how  valuable  the  assistance  is  that  we  get  by  meeting 
here  once  a  year,  the  assistance  we  get  in  New  York  by  meeting  once  or 
twice  a  month.  Now,  if  the  whole  profession  in  the  United  States  shall 
be  united  in  a  society  that  shall  be  a  confederation  of  societies,  and 
shall  have  a  strong  central  government,  just  like  our  own  central 
government  of  the  whole  country,  I  think  it  will  not  only  assist  us  in 
many  ways,  but  it  will  have  a  tendency  to  elevate  the  profession  in  the 
country  and  before  the  country  in  every  way.  I  think  it  is  generally 
conceded  that  the  standing  of  the  profession  in  this  country  is  not  where 
it  ought  to  be,  and  where  its  education  and  experience  and  talent  should 
place  it,  and  this  is  one  step  upward  in  elevating  the  profession,  and 
that  is  the  reason  I  am  for  it,  if  the  details  can  be  worked  out  practically 
without  injury  to  the  interests  of  others. 

Prof.  E.  A.  Fuertes. — I  came  here  without  having  given  this  matter 
any  thought  at  all,  and  without  having  talked  to  anybody  about  the  sub- 
ject except  in  a  very  casual  way.  My  business  compels  me  to  be  posted 
with  what  is  going  on  outside  in  the  world,  and  I  see  a  great  many 
papers  of  engineering  bodies  in  this  country  and  others.  Two  facts 
strike  me  as  very  significant :  first,  that  I  do  not  think  the  Society  has 
grown  as  fast  as  it  ought  to  have  grown  as  compared  with  other  societies 
far  younger  than  ours  ;  also,  that  a  large  amount  of  engineering  work  is 
going  on  in  other  countries,  as  well  as  in  our  own,  of  which  this  Society 
knows  nothing.  We  should  be  able  to  make  the  Society  an  American 
society,  not  only  in  name,  but  also  in  fact.  It  seems  to  me  that  this 
Society  should  be  the  center  from  which  all  engineering  information 
should  be  spread  throughout  the  country.  Again,  I  do  not  think  that 
there  is  a  very  great  deal  of  good  feeling  among  the  members  ;  at  all 
events,  I  have  to  think  that  there  is  some  dissatisfaction  among  engineers 
throughout  the  country  in  reference  to  the  way  in  which  the  American 
Society  of  Civil  Engineers  is  at  work.  The  younger  members  of  the 
profession  seem  to  think  that  they  are  not  cared  for,  that  the  Society 
seems  to  think  that  only  the  professional  man  of  large  experience  is  fit 
to  take  an  interest  in  shaping  the  progress  of  the  country  in  engineering 
matters,  and  the  young  men  are  left  out  entirely.  The  resolution,  as  I 
have  read  it,  seems  to  remedy  the  worst  of  these  evils.  It  is  the  exclu- 
siveness  of  the  Society  that  is  complained  of,  and  I  shall  be  very  glad 
indeed  if  any  method  can  be  adopted  by  means  of  which  all  these  en- 
gineering clubs  and  societies  throughout  the  country  could  be  made  to 
assimilate. 

Mr.  Edward  P.  North. — I  would  like,  before  this  motion  is  put,  to 
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move  an  amendment  additional  to  it.  I  believe  in  the  desirability  of  the 
passage  of  the  resolution,  but  I  would  like  to  have  it  include  also  a  view 
of  the  organization  arid  methods  of  this  Society.  It  is  within  the  knowl- 
edge of  every  one  here  present,  I  suppose,  that  some  two  or  three  years 
since  the  Society  of  Mechanical  Engineers  was  formed.  I  understood, 
before  that  was  formed,  that  it  was  to  be  formed.  The  question  was 
canvassed  in  this  Society,  and  no  effort  at  all  was  made  to  prevent  its 
formation  by  giving  inducements  to  them  to  join  our  Society.  Within 
a  year  or  so  the  Society  of  Electrical  Engineers  requested,  not  officially, 
but  by  some  of  its  members,  permission  to  join  this  Society.  That 
society  also  has  been  organized.  Now,  I  think  this  Society  should 
cover  all  the  points  covered  by  Telford  in  his  definition  of  an  engineer. 
We  do  not  want  to  confine  ourselves  strictly  to  builders  and  layers  of 
brick  work,  but  we  ought  to  combine  all  branches  of  the  engineering 
profession  in  this  Society.  I  would  like  to  have  the  resolution  so 
amended  that  the  committee  shall  report  on  the  principles  of  the  Society 
in  regard  to  the  admission  of  branches  of  the  profession,  and  members 
or  bodies  that  are  not  now  connected  with  it. 

Mr.  D.  J.  Whittemore  seconded  the  amendment. 
Mr.  Wellington  accejited  the  amendment. 

Mr.  James  H.  Haelow. — Does  not  that  come  under  By-Law  23,  that 
such  a  resolution  must  be  submitted  to  a  ballot  of  the  Society? 

The  President. — The  By-Law  applies  to  engineering  subjects.  I  do 
not  think  that  this  resolution  comes  under  that  By-Law.  This  is  not  an 
engineering  subject. 

Mr.  Charles  Latimer. — It  seems  to  me  far  more  important  than  any 
question  of  engineering.     I  think  it  should  be  referred.     It  would  not 
be  the  thing  to  decide  it  here,  except  as  an  expression  of  opinion. 
The  Secretary  read  the  By-Law. 

Mr.  James  H.  Harlow. — It  seems  to  me  that  Mr.  Latimer  is  correct 
in  saying  that  this  is  a  matter  of  more  importance  than  any  engineering 
subject  is  likely  to  be,  and  if  it  is  in  order,  I  would  like  to  amend  that 
resolution  by  moving  that  the  resolution  be  submitted  to  the  members 
of  the  Society  by  letter  ballot.  I  think  these  members  should  have  a 
chance  to  say  yes  or  no  on  that  proposition,  and  although  we  have  quite 
a  number  here,  I  suppose  it  is  not  more  than  25  per  cent,  of  the  whole 
membership. 

Mr.  F.  Collingwood. — It  seems  to  me  that  we  have  certainly  a  repre- 
sentative body  of  our  Society  here,  and  we  have  always  been  accustomed, 
so  far  as  appointing  a  committee  of  this  Society  was  concerned,  to  act 
upon  such  questions  here.  Of  course,  the  conclusions  of  the  committee 
must  go  to  the  Society  for  action,  but  I  do  not  see  why  it  is  necessary, 
so  far  as  appointing  the  committee  is  concerned,  to  refer  it  to  the 
Society. 
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Mr.  James  H.  Harlow  moved  that  the  resolution,  as  amended,  be  re- 
ferred to  the  Society  for  letter  ballot. 

Mr.  J.  F.  Flagg. — I  agree  with  Mr.  Collingwood  that  we  should 
appoint  this  committee  here.  It  commits  us  to  nothing  whatever,  and 
it  seems  to  me  entirely  unnecessary  to  delay  the  appointment  of  the 
committee  in  this  way. 

Mr.  Harlow's  motion  was  submitted  to  the  Convention  and  lost. 
The  resolution  was  adopted,  and  the  committee  was  ordered  to  consist  of 
seven  members. 

The  resolution  is  printed  above  as  adopted. 

June  26th,  1885. — (Second  business  session  during  the  Convention.) 
The  Society  met,  President  Frederic  Graff  in  the  chair;  John  Bogart, 
Secretary. 

Mr.  Edward  P.  North  moved  that  the  resolution  adopted  (see  above, 
page  92),  in  reference  to  printing  both  the  Majority  and  Minority  Re- 
ports of  the  Committee  on  a  Uniform  System  for  Tests  of  Cements,  be 
reconsidered. 

The  motion  was  seconded  and  carried. 

Mr.  William  P.  Shinn  moved  that  the  Eeports  be  referred  back  to 
the  Committee,  with  the  request  from  this  Convention  that  the  para- 
graph relating  to  the  strength  of  cements  be  taken  out  of  the  body  of  the 
Report  and  added  as  a  foot  note. 

The  resolution  was  seconded  and  discussed  by  Messrs.  William  P. 
Shinn,  E.  L.  Corthell,  T.  Egleston,  J.  J.  R.  Croes  and  Oberlin  Smith. 

The  resolution,  as  printed  above,  was  carried. 

Mr.  William  Sellers,  M.  Am.  Soc.  C.  E.— I  wish  to  offer  a  resolu- 
tion, which,  I  hope,  this  society  will  fully  indorse.  We  have  been,  as 
you  know,  for  several  years  endeavoring  to  get  an  appropriation  from 
Congress  to  carry  out  certain  tests,  and  the  discussion  yesterday  only 
emphasizes,  I  think,  the  importance  of  carrying  out  these  tests  upon 
steel  for  structural  purposes.  We  have  absolutely  no  information  that  is 
reliable  for  such  metal,  under  compression  particularly,  and  with  a  view 
to  urge  that  matter  efficiently  in  the  next  Congress,  I  would  offer  this 
resolution : 

Resolved,  That  the  Board  of  Direction  be,  and  they  are  hereby,  au- 
thorized and  directed  to  memorialize  Congress  to  appropriate  $10  000  for 
the  purpose  of  making  tests  on  structural  steel  upon  the  large  testing 
machine  at  Watertown  Arsenal,  in  accordance  with  a  programme  to  be 
furnished  by  this  Society,  as  provided  for  by  existing  law;  and  as  it  is 
understood  that  this  large  machine  is  now  chiefly  used  in  making  tests 
which  would  be  better  made  upon  a  small  machine,  which  tests  exclude 
the  more  important  ones,  it  is  the  sense  of  this  Society  that  a  great  sav- 
ing to  the  country  would  result  from  the  use  of  such  small  machine  for 
such  purposes. 

The  resolution  was  seconded  and  adopted. 
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OF  THE  SOCIETY. 


July  1st,  1885. — The  Society  met  at  8  p.  m.,  Director  William  E. 
Hutton  in  the  chair;  Charles  E.  Emery,  M.  Am.  Soc.  C.  E.,  Secretary 
pro  tern.  Ballots  for  membership  were  canvassed,  and  the  following 
named  candidates  declared  elected  :  As  Members  :  Herbert  Leander 
Aulls,  Council  Bluffs,  Iowa;  Lewis  Kingman,  Topeka,  Kansas;  Alonzo 
Tyler  Mosman,  Beverley,  Mass.;  Benjamin  Franklin  Richardson,  Wil- 
mington, Delaware;  Robert  Parker  Staats  (elected  Junior,  November  3d, 
1875),  Jersey  City,  N.  J.  As  Juniors:  Henry  Holbrook  Gladding,  New 
Haven,  Conn. ;  Charles  Ezra  Marvin,  Henderson,  Ky. ;  Aaron  J.  Zabris- 
kie,  Newark,  N.  J. 


LIST    OF    MEMBERS. 


ADDITIONS. 


Buxton,  Clifford 

Eayks,  Norman  Wilder. 


members.  Date  of  Election. 

Oh.  Eng.   Ohio  Central  R.  R., 

Toledo,  Ohio May  6,  1885. 

U.  S.  Engineers'  Office,  New- 
port, K.  I June  3, 1885. 
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Fouquet,  John  Douglas Assistant    Eng.     and     Sup't 

Bridges,  New  York,  West 
Shore  and  Buffalo  By., 
Fishkill,  N.  Y June  3,  1885. 

Greene,  Francis  Vinton Capt.    Corps    of  Engineers, 

U.  S.  A,  Washington,  D.  C. 

Hinckley,  John  Franklin Kes.  Eng.  St.  Louis  and  San 

Francisco  By.,  Van  Buren, 

Ark May  6,  1885. 

Hoff,  Olaf 29      Mackey  -  Legg      Block, 

Minneapolis,  Minn " 

Hunt,  Borert  Woolston Gen.      Supt.     Albany     and 

Bensselaer  Iron  and  Steel 

Co.,  Troy,  N.  Y June  3, 1885. 

J ewett,  William  Cornell 35  West  Fourth  st.,  Cincin- 
nati, Ohio "  " 

Johnson,  Charles  Boberts "Union  Switch  and  Signal  Co., 

Pittsburgh,  Pa "  " 

Libby,  Edmund  Dorman U.    S.    Custom     House,     St. 

Louis,  Mo May  6,  1885. 

Mosman,  Alonzo  Tyler U.   S.    Coast    and    Geodetic 

Survey,  Franklin  Furnace, 

Ohio July  1,  1885. 

Noyes,  Albert  Franklin City  Engineer,  West  Newton, 

Mass Dec.  3,  1884. 

Bichardson,  Benjamin   Franklin. Div.  Eng.  Delaware  Division 

Baltimore  and  Philadel- 
phia B.  E.,  1604  South  11th 
st.,  Philadelphia,  Pa July  1,  1885. 

Boberts,  Poulter'Benjamin Executive  Engineer,  Nuddea 

Bivers  Division,    Berham- 

pore,  Bengal,  India Dec.  5,  1883. 

Snow,  Jonathan  Parker Woonsocket,  B.  I June  3,  1885. 

Temple,  Bobert  Henry 205   West   Grace    st.,    Bich- 

mond,  Va May  6,  1885. 

Voorhees,  Theodore Supt.  Northern  B.  B.  Dept., 

Saratoga  and  Champlain 
Div.  Delaware  and  Hudson 
Canal  Co.,  Ballston  Spa, 
N.  Y 

ASSOCIATE. 

Davis,  John  Woodbridge 25  West  119th  st.,  New  York 

City June  3,  1885. 


Fuller,  William  Barnard Northern     Pacific     B.     B., 

Bismarck,  Dakota June  3,  1885. 
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Gladding,  Henry  Holbeook 18   City    Hall,   New   Haven, 

Conn July  1,  1885. 

Johnson,  Sinclair  Joseph 213     Alexander    ave.,     New 

York  City Jan.  7,  1885. 

Marvin,  Charles  Ezra Henderson    Div.     Louisville 

and  Nashville  R.  R.,  Hen- 
derson, Ky July  1,  1885. 

Raasloff,  Harold  Edwaed  de .... Tacoma,  Washington  Terri- 
tory       Dec.  3,  1884. 

Zaekiskie,  Aaron  J Asst.  Eng.  Improved  Sewer- 
age, Heath  Building,  New- 
ark, N.  J July  1,  1885. 


CHANGES    AND    COEEECTIONS. 


MEMBERS. 


Babcock,  Henry  N U.   S.  Engineers'  Office   (P.  O.    Drawer  7), 

Milwaukee,  Wis. 
Ballard,  Robert Ch.  Eng.  Queensland  Central  and  Northern 

Railway  Division,  Rockhampton,  Queens- 
land, Australia. 

Barnard,  Augustus  P Sheffield,  Berkshire  Co.,  Mass. 

Billin,  Charles  E 186  Dearborn  st.,  Chicago,  111. 

Bruner,  Daniel  P Harrisburgh ,  Pa. 

Ceowell,  J.  Foster Eng.  of  Construction  P.  11.  R.,  Pittsburgh, 

Pa. 

Fuller,  Sidney  T Kennebunk,  Maine. 

Gordon,  Robeet Howley  Lodge,  Maida  Hill,  West,  London, 

England. 

Geay,  Geobge  E 1115  Bush  st.,  San  Francisco,  Cal. 

Geiswold,  Feank  L 98   Calle  Piedad,  Buenos  Ayres,  Argentine 

Republic. 

Judson,  John  A 80  Ashland  Block.  Chicago,  111. 

Long,  Thomas  J Morse  Bridge  Co.,  Youngstown,  Ohio. 

Noubse,  Edwin  G Ch.   Eng.    Chicago   and    Evanston   R.   R., 

Room  33,  Ashland  Block,  Chicago,  111. 

O'Roubke,  John  F 407  Market  st.,  Harrisburgh,  Pa. 

Smith,  Hamilton,  Je (Care  American  Exchange)  London, England. 

Steaens,  Irving  A Wilkesbarre,  Pa. 

Stevens,  Frank  S Athens,  Pa. 

Thurston,  Robert  H Sibley  College,   Cornell  University,  Ithaca, 

N.  Y. 

Walker,  John  S Box  57,  Hot  Springs,  Ark. 

White,  W.  Howard 74  Wall  st.,  New  York  City. 
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JUNIORS. 


Bissell,  Frank  E 410  Washington  st.,  South  Bend,  Incl. 

Francis,  George  B 40  West  126th  street,  New  York  City. 

Lucas,  D.  Jones 56  Pierce  St.,  Lewiston,  Maine. 


DEATHS. 

Gorringe,  Henry  H Elected  Associate  April  6,  1881 ;  died  July 

6,  1885. 
Malezieux,  Emile Elected    Honorary    Member  November    3, 

1880;  died  May  20,  1885. 
Seymour,  M.  T Elected  Fellow  July  21,  1870;  died  May  30, 

1885. 


resignations, 
members. 


Earnshaw,  Henry May    1,  1885. 

Kimberly,  Moses  C May  15,  1885. 
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Vol.   XI. — August — September,  1885. 


Note. — No  meetings  of  tlie  Society  were  held  in  August. 


CONTEIBUTIOXS  TO  THE   BUILDING  FUND. 

By  a  resolution  of  the  Board  of  Direction,  all  contributions  to  the 
Building  Fund  are  to  be  acknowledged,  from  time  to  time,  by  printing- 
lists  of  the  same  in  the  monthly  Proceeding  of  the  Society,  and  in 
addition  to  this  the  names  of  all  those  who  may  subscribe  $100  or  more 
are  to  be  regularly  enrolled  and  published  in  future  lists  of  the  Society 
under  the  head  of  Subscribers  to  the  Building  Fund,  and  they  will  be 
entitled  to  receive  one  copy  of  the  monthly  publications,  comprising  all 
papers  and  transactions  of  the  Society,  regularly  for  life,  for  each  $100 
subscribed  by  them  ;  such  copies  to  be  in  addition  to  those  which  they 
may  be  already  entitled  to  if  they  are  Members  or  Fellows. 

The  following  contribution  is  acknowledged  in  addition  to  those  here- 
tofore noted: 

John  E.  Earley $25.00 


LIST    OF    MEMBERS 


ADDITIONS. 

members.  Date  of  Election. 

Harison,  Richard  Morley 12  Lancelots  Hey,  Liverpool, 

England May   6,  L885 

Kingman,  Lewis Asst.  Eng.  Atchison,  Topeka 

and  Santa  F6  R.R.,  Topeka, 

Kansas July  1,  1885. 


104  AUGUST-SEPTEMBER   PROCEEDINGS. 


CHANGES    AND    CORRECTIONS. 


MEMBERS. 


Gates,  Horace  D 301  Lombard  st.,  San  Francisco.  Cal. 

Hood,  William Cb.   Eng.    Soutbern  Pacific   B.   R.,   Pacific 

System,  San  Francisco,  Cal. 

Hunt,  Randell 130  Summit  ave.,  St.  Paul,  Minn. 

Le  Baron,  J.  Francis Asst.  Eng.  Gulf  Coast  Canal  Co.,  Inspector 

of  Lands,  Jacksonville,  Tampa  &  Key 
West  R.  R. ,  Eooms  8  and  9,  Bostwick's 
Building,  Jacksonville,  Fla. 

Nichols,  Othniel  F Contractor,  Paducah,  Ky. 

Safford,  Edward  S Sbaron,  Mass. 

Smith,  Hamilton,  Jr 10  Bolton  st.,  Piccadilly,  London.  England. 

Staats,  John  H 113  Hudson  st.,  Jersey  City,  N.  J. 

JUNIORS. 

Emonts,  William  A.  G (Care  C.  H.  Kellogg),  378  Main  st.,  Buffalo, 

N.  Y. 
Raymond,  Chas  Ward (Care  Sooysmitb  &  Co.),  2  Nassau  st.,  New 

York  City. 
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Vol.   XL— October,   1885. 


MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


September  2d,  1885.  — The  Society  met  at  8  p.  m.  ,  Mr.  William  E. 
Worthen,  M.  Am.  Soc.  C.  E.,  in  the  chair;  John  Bogart,  Secretary. 
Ballots  were  canvassed  and  the  following  candidates  declared  elected 
as  members:  David  Herbert  Andrews,  of  Boston,  Mass.  ;  Thomas 
Sparks  Bishop.  New  Britain,  Conn.:  George  Washington  Cooley,  Min- 
neapolis, Minn.;  Sidney  Willett  Hoag,  Jr.,  New  York  City;  Samuel 
Killebrew,  Brownsville.  Tenn. ;  Milnor  Peek  Paret,  Leesport,  Pa. ; 
Samuel  McMath  Rowe,  Las  Vegas,  X.  M. ;  Samuel  Spencer,  Baltimore, 
Md.;  as  Associate,  William  Henry  Barnes,  Philadelphia,  Pa.;  as 
Juniors,  John  Anderson  Bensel,  Xew  York  City;  Carlos  Ferrer  Ferrer, 
New  York  City;  Maxwell  Smith,  Xew   York  City. 

The  deaths  of  Mr.  Emile  Rfalezieux,  Hon.  M.  Am.  Soc.  C.  E.,  of  Paris, 
France,  on  May  20th.  1885.  and  of  Mr.  Henry  H.  Gorringe,  Assoc.  Am. 
Soc.  C.  E.,  of  New  York,  were  announced. 

A  paper  by  W.  Howard  White,  M.  Am.  Soc.  C.  E..  on  European 
Sewage  and  Garbage  Removal,  was  read  by  the  writer  and  discussed. 

September  16th,  1885. — The  Society  met  at  8  p.  m.,  Vice-President 
(1.  S.  Greene,  Jr.,  in  the  chair:  John  Bogart,  Secretary.  The  paper 
by  Edward  Hates  horsey.  M.  Am.  Soc.  0.  E.,  on  English  ami  American 
Railways  Compared,  read  at  the  last  Convention,  was  discussed. 

October  7th.  1885. — The  Society  met  at  8  p.  m.,  President  Frederic 
Graff  in   the  chair:  John  Bogart,  Secretary.     Ballots  for  membership 
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were  canvassed,  and  the  following  candidates  declared  elected:  As  mem- 
bers, William  Price  Craighill,  Corps  of  Engineers,  U.  S.  A. ,  Baltimore, 
Md. ;  Hiram  Stevens  Maxim,  London,  England;  as  Juniors,  Bernard 
Frank  Booker,  of  Brooklyn,  N.  Y. ;  Thomas  John  Brereton,  of  Altoona, 
Pa.;  Joseph  Maxwell  Carrere,  of  New  York;  Charles  P.  Matlock,  of 
San  Antonio,  Texas. 

The  ballot  upon  the  following  resolution,  presented  at  the  last  Con- 
vention, was  canvassed: 

Whereas,  The  relation  which  the  form  of  the  head  of  a  rail  should 
bear  to  the  section  of  a  car-wheel  tread  and  flange  has  recently  been  in 
dispute,  it  being  asserted  on  the  one  hand,  that  they  should  have  as 
long  a  line  of  contact  as  possible,  and  on  the  other  hand,  that  such 
long  contact  would  be  dangerous  and  injurious;  and 

Whereas,  The  question  raised  by  this  diversity  of  view  is  of  direct 
importance  to  many  members  of  this  Society,  as  well  as  to  the  public 
interest,  and  hence  is  one  which  this  Society  may  appropriately  con- 
sider through  committee;  therefore  be  it 

Resolved,  That  a  committee  of  rive  members  of  this  Society  be  ap- 
pointed by  the  President  to  consider  and  report  to  the  Society  on  the 
proper  relation  to  each  other  of  the  sections  of  rails  and  wheels;  to 
what  extent  and  at  what  points  it  is  expedient  that  their  sections  should 
be  such  as  to  bring  them  normally  in  contact;  and  to  what  extent  and 
at  what  points  it  is  not  expedient  that  they  should  be  so  in  contact; 
and  that  the  committee  be  instructed  to  seek  information  from  all  those 
who  are  known  to  have  given  the  subject  attention. 

On  this  resolution  there  were  189  affirmative  votes  and  9  negative 
votes.  This  resolution  having  been  submitted  to  the  Society  by  letter- 
ballot,  in  accordance  with  the  provisions  of  the  by-laws,  and  having 
received  a  majority  of  all  votes  cast,  was  declared  duly  carried. 

The  deaths  of  Mr.  Wilmon  W.  C.  Sites,  M.  Am.  Soc.  C.  E.,  on  Oc- 
tober 1st,  1885,  and  of  Mr.  Thomas  C.  Durant,  F.  Am.  Soc,  C.  E.,  on 
October  5th,  1885,  were  announced. 

The  Board  of  Direction  announced  that,  in  accordance  with  the  rules 
for  the  award  of  the  Norman  Medal,  the  following  named  members  had 
been  designated  as  the  Board  of  Censors  to  make  the  award  for  the 
year  terminating  August  1st,  1885:  Messrs.  G.  Bouscaren,  Robert 
Moore  and  W.  Howard  White. 

Also,  that  in  accordance  with  the  rules  for  the  award  of  the  Rowland 
Prize,  the  following  named  members  had  been  appointed  as  the  commit- 
tee to  make  the  award  for  the  year  terminating  August  1st,  1885: 
Messrs.  Mendes  Cohen,  Edward  P.  North  and  the  Secretary  of  the 
Society. 

The  President  announced  that,  under  the  provisions  of  the  follow- 
ing resolution,  adopted  at  the  last  Convention  (Proceedings,  Vol.  XI, 
p.  94): 

Resolved,  That  the  President  be  authorized  to  appoint  a  committee, 
to  consist  of  seven  members  of  the  Society,  which  committee  shall  be 
instructed  to  consider  the  matter  of  making  such  changes  in  the  organi- 
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zation  of  the  Society  as  may  be  desirable,  in  connection  with  the  sub- 
ject of  local  engineering  societies  or  clubs,  and  of  sections  or  chapters 
of  the  Society;  also  to  lake  into  consideration  the  future  policy  of  the 
Society  in  relation  to  the  admission  of  branches  of  engineering  not  now 
generally  represented  in  the  Society:  and  that  the  committee  be  author- 
ized to  confer  directly  wit'i  the  members  of  the  Society  and  with  local 
organizations;  the  committee  to  report  the  information  obtained  and 
conclusions,  if  any,  reached  by  the  committee. 

The  following  named  members  had  been  appointed  such  committee: 
Messrs.  A.  M.  Wellington,  J.  James  R.  does,  Charles  Paine,  O.  Chan- 
iite,  Charles  Macdonald,  William  Metcalf  and  William  H.  Bradley. 

The  Board  of  Direction  presented  circulars  from  a  committee  of  the 
Civil  Engineers'  Club,  of  Cleveland,  appointed  "to  consider  and  report 
what  action,  if  any,  is  advisable  in  the  matter  of  obtaining  the  passage 
of  new  laws  which  shall  provide  for  the  better  condition  of  Civil  Engi- 
neers employed  on  Government  works  other  than  military,"  together 
with  a  suggestion  that  this  Society  should  send  an  accredited  delegate 
or  representative  as  a  member  of  a  central   committee  to  consider  this 

subject, 

The  Board  of  Direction  also  presented  the  following  letter,  which 
had  been  sent  in  reply  by  the  Board: 

October  6th,  1885. 
Wm.  T.  Blunt,  Esq., 

Secretary  of  Committee  Civil  Engineers'  Club  of  Cleveland. 

Dear  Sir, — The  Board  of  Direction  of  tin-  American  Society  of  Civil 
Engineers,  having  at  its  lastmeetin^  considered  the  circular-letter  issued 
by  your  committee,  appointed  '"to  consider  and  report  what  action,  if 
any,  is  advisable  in  the  matter  of  obtaining  the  passage  of  new  laws 
which  shall  provide  for  the  better  condition  of  Civil  Engineers  em- 
ployed on  Government  works  other  than  military,"  together  with  the 
suggestions  made  by  your  committee,  that  this  Society  should  send  an 
accredited  delegate  or  representative  as  a  member  of  a  central  commit- 
tee to  consider  this  subject;  I  am  instructed  to  reply,  that,  at  a  conven- 
tion of  this  Society  in  1881.  a  specially  appointed  committee  presented 
a  report,  to  the  effect  that  it  might  be  inexpedient  for  the  Society  to 
place  itself  in  the  position  of  advocating,  before  Congress,  the  claims  of 
a  certain  class  of  its  membership  in  seeming  conflict  with  any  other 
class  whose  interests  may  be  in  a  different  direction:  that  it  might  be 
well  questioned  whether  tin'  Society,  as  a  body,  should  commit  itself  to 
a  line  of  action  which  might  be  construed  as  in  the  least  inimical  to  the 
professional  interests  of  any  of  its  members;  that  the  objects  for  which 
the  Society  was  instituted,  show  that  there  should  never  be  the  least. 
attempt  at  discrimination  in  favor  of  a  particular  class  of  members  to 
the  detriment  of  others.  And  the  committee  was  of  the  opinion  that 
the  Society  might  with  propriety  decline  t<>  consider  the  subject 
further. 

This  report  of  the  committee  was  accepted  by  the  Society,  and  the 
committee  discharged. 

In  view  of  this  precedent,  and  of  the  (dear  opinion  held  by  so  many 
of  our  members,  that  action  upon  such  a  subject,  if  taken  at  all,  should 
be  taken  by  individuals,  as  such,  and   not  by  the  Society;  and  also  in 
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view  of  the  fact  that  the  American  Society  of  Civil  Engineers  is  national 
in  its  scope  and  organization;  its  membership  distributed  over  the  whole 
country;  and  including  individuals  with  widely  varying  interests  and 
associations,  and  of  many  different  classes  of  professional  practice, 
some  of  whom  might  well  desire  that  the  Society  should  take  action 
with  reference  to  their  own  special  interests  or  wrongs,  if  a  precedent 
of  that  nature  should  be  established;  the  Board  of  Direction  is  of  the 
opinion  that  it  would  not  now  be  proper  to  appoint  a  delegate  under 
the  suggestions  of  your  circular. 

Very  truly  yours, 

John  Bogakt, 

Sec.  Am.  Soc.  C.  E. 

A  paper  by  Edward  Bates  Dorsey,  M.  Am.  Soc.  0.  E. ,  comparing 
the  Operating  Expenses  of  English  and  American  Railroads,  being  a 
supplement  to  the  paper  presented  at  the  Convention,  was  read  by  the 
writer  and  discussed. 


OF  THE  BOARD  OF  DIRECTION. 

June  4th,  1885. — Applications  were  considered.  Arrangements  for 
the  Convention  were  made.  Under  the  provisions  of  the  By-Laws,  it 
was  determined  that  a  meeting  of  the  Society  be  held,  for  the  canvass  of 
ballots  for  membership,  on  the  first  Wednesday  of  July,  1885,  and  that 
thereafter  the  meetings  be  suspended  till  the  first  Wednesday  in  Sep- 
tember.    Appropriations  Avere  made. 

July  30th,  1885. — Applications  were  considered.  The  issue  of  a 
letter-ballot  was  directed,  on  the  appointment  of  a  Committee,  under  the 
provisions  of  a  resolution  passed  at  the  Convention,  in  relation  to  Rail- 
way Wheels  and  Rails,  and  referred  to  the  Board  under  the  By-Laws. 
Appropriations  were  made. 

September  2d,  1885. — Applications  were  considered.  Action  was 
taken,  in  accordance  with  the  proceedings  of  the  Convention,  in  reply- 
ing to  a  communication  from  the  Secretary  of  the  Committee  on  a  Uni- 
form System  for  Tests  of  Cements.     Appropriations  were  made. 

Septembek  30th,  1885. — Ap2ilications  were  considered.  The  prep- 
aration of  a  memorial  was  directed,  in  accordance  with  the  resolution 
passed  at  the  Convention  (Proceedings,  Vol.  XI,  p.  98).  Under  the 
rules,  the  following  named  members  were  designated  as  the  Board  of 
Censors  to  award  the  Norman  Medal  for  the  year  terminating  August 
1st,  1885:  Messrs.  G.  Bouscaren,  Robert  Moore  and  W.  Howard  White. 
Also  the  following  named  members  were  appointed,  with  the  Secretary, 
the  Committee  to  award  the  Rowland  Prize  for  the  same  year:  Messrs. 
Mendes  Cohen  and  Edward  P.  North. 

Circulars  from  a  Committee  of  the  Civil  Engineers'  Club,  of  Cleve- 
land, were  considered,  and  a  reply  adopted  (see  page  107  above).  Ap- 
propriations were  made,  and  financial  business  transacted. 

October  7th,  1885. —  Financial  business  was  transacted. 
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MEMOIRS  OF  DECEASED  MEMBEUs. 


JOHN  BLOOMFIELD  JERVIS,  Hon.  M.  Am.  Soc.  €*  E. 


Died  January  12th,  1885. 


In  the  death  of  John  Bloomfield  Jervis,  at  Rome,  N.  Y.,  on  tlie 
night  of  January  12th,  the  country  lost  another  of  those  remarkable 
men  bequeathed  to  this  generation  by  the  latter  part  of  the  eighteenth 
century,  whose  talents  and  energies  have  for  seventy  years  been 
directed  toward  building  up  the  wonderful  system  of  internal  improve- 
ments which  marked  the  history  of  the  nation  during  the  present  cen- 
tury. 

Mr.  Jervis  was  born  at  Huntington,  Long  Island,  December  14th, 
1795,  and  was  consequently  in  his  90th  year  at  the  time  of  his  death. 
His  father  was  Bimothy  Jervis,  a  carpenter  by  trade,  and  a  resident  of 
Huntington.  His  mother  was  Phoebe  Bloomfield,  of  Woodbridge,  N.  J. 
The  brother  of  Mrs.  Jervis,  John  W.  Bloomfield,  went  to  Fort  Stanwix, 
now  Rome,  N.  Y. ,  from  New  Jersey,  to  act  as  agent  for  and  to  look  after 
a  large  tract  of  land  in  that  vicinity,  which  resulted  in  the  purchase  for 
himself  and  two  or  three  others  of  the  "  six  thousand-acre  tract."  He 
soon  after  settled  in  what  is  now  the  town  of  Annsville,  which  was 
named  after  his  wife.  About  1812  he  removed  to  Rome,  purchased  a 
farm,  which  included  the  homestead  of  Mr.  Jervis.  and  lived  and  died 
in  a  house  which  then  occupied  the  site  of  Mr.  Jervis'  late  residence. 
His  death  occurred  in  1849,  at  the  age  of  eighty-four.  He  was  widely 
known,  and  universally  honored  and  esteemed. 

In  1798.  Timothy  Jervis  moved  to  Fort  Stanwix,  which  was  chiefly 
prominent  as  having  a  navigable  canal  of  about  two  miles  in  length, 
connecting  the  Mohawk  River  with  Wood  Creek.  By  connecting  im- 
provements in  the  form  of  locks  and  dams  on  the  Mohawk  River  and 
Wood  Creek,  it  formed  part  of  a  system  of  improvements  connecting 
the  natural  navigation  through  a  large  portion  of  the  State  of  New 
York.  By  these  means  barges  or  bateaux  passed  from  Schenectady,  on 
the  Mohawk,  to  Ithaca,  at  the  head  of  Cayuga  Lake.  The  country  was 
at  this  time  mostly  a  wilderness  of  heavy  timber,  and  Timothy  Jervis 
soon  became  interested  in  a  saw-mill,  which  was  attended  by  himself 
and  his  sons.     John  B.  Jervis  was  the  oldest  of  seven  children  and  had 

Committee   to  prepare  Memoir:  Messrs.  William  P.  Sliinn,  M.  Am.  Soc.  C.  E.,  and  Joliu 
Bogart,  M.  Am.  Soc.  C.  E. 


110  OCTOBER    PROCEEDINGS. 

the  experience  of  the  trials  of  a  settlement  in  a  new  country.  What 
education  he  had  was  obtained  at  the  common  schools  of  that  day, 
which  he  attended  until  he  was  fifteen  years  of  age.  There  were  then 
no  public  schools  sustained  in  whole  or  in  part  by  the  State.  Between 
the  ages  of  fifteen  and  twenty-two  he  spent  his  summers  in  managing 
a  team  and  attending  the  saw-mill,  with  occasional  farm  work,  and 
during  the  winters  he  was  engaged  in  hauling  saw  dogs  and  wood. 

In  1817,  the  construction  of  the  Erie  Canal  was  commenced,  and  the 
work  afforded  employment  and  furnished  facilities  to  a  large  class  who 
had  theretofore  followed  other  pursuits.  Benjamin  Wright,  more  gen- 
erally known  as  "Judge  "  Wright,  was  Chief  Engineer  in  the  construc- 
tion. Judge  Wright  resided  in  Rome,  and  therefore  knew  Mr.  Timothy 
Jervis  and  his  sons.  Needing  an  axinan,  he  applied  to  Mr.  Jervis,  who 
suggested  that  he  should  take  John,  which  was  the  beginning  of  what 
afterward  became  the  remarkable  engineering  career  of  John  B.  Jervis, 
who  then  turned  his  attention  to  the  study  and  practice  of  surveying 
and  engineering.  Dexterous  with  an  ax,  apt  and  ambitious  to  learn ; 
ready  to  do  all  and  more  than  was  required,  he  was  soon  promoted  to 
the  position  of  rodman  in  the  survey,  at  $12  per  month,  in  which  he 
readied  such  proficiency,  that  in  two  years  he  was  made  Resident  En- 
gineer on  seventeen  miles  of  the  canal,  extending  from  X3anastota,  Mad- 
ison County,  to  Limestone  Creek,  in  Onondaga  County,  at  a  conden- 
sation of  Si.  25  per  day.  Mr.  Jervis  was  then  about  twenty -five  years  of 
age,  and  although  the  young  engineers  of  to-day  might  smile  at  an  offer 
of  $1.25  per  day,  that  position  and  salary,  sixty -five  years  ago,  were  con- 
sidered very  desirable  and  lucrative. 

Mr.  Jervis  records,  in  some  notes  which  he  has  left  for  the  purpose 
of  memoir,  that  after  filling  a  winter  engagement  for  weighing  stone  for 
locks,  he  started  for  Rome,  a  distance  of  forty  miles,  on  foot,  traveling 
four  miles  on  the  evening  of  the  first  day,  to  a  village  where  he  and  his 
associates  spent  the  first  night,  and  thence  started  at  daylight  to  walk 
thirty-six  miles  to  Rome,  over  melting  snow,  which  made  the  traveling 
very  heavy  and  disagreeable,  reaching  Rome  about  9  o'clock  in  the  even- 
ing, pretty  well  fatigued,  but  hardly  the  worse  for  it  the  next  day. 
Dining  this  period  Mr.  Jervis  was  under  the  direction  of  Judge  Bates  as 
chief  of  the  party,  and  Canvass  White,  well'  known  among  New  York 
engineers,  as  the  principal  assistant. 

In  the  spring  of  1820,  he  became  well  acquainted  with  Henry  Sey- 
mour (father  of  Hon.  Horatio  Seymour),  who  was  one  of  the  Canal  Com- 
missioners, and  with  whom  Mr.  Jervis  had  had  frequent  intercourse  in 
relation  to  his  duties.  In  the  spring  of  1821,  Mr.  Jervis  was  assigned 
the  position  of  Resident  Engineer  to  the  division  extending  from  "  The 
Nose"  to  opposite  the  village  of  Amsterdam,  about  seventeen  miles; 
Mr.  Seymour  being  the  Commissioner  of  that  division.  He  retained 
the  charge  of  this  division  until  the  close  of  1822,  when  it  was  mostly 
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completed,  and  the  party  was  disbanded,  except  himself.  He  was  re- 
tained to  aid  in  the  settlement  of  the  accounts  of  the  contractors,  which 
occupied  bis  time  for  the  balance  of  the  year.  This  work  was  dis- 
charged with  such  acceptability  that  he  was  retained  by  Commissioner 
Seymour,  in  the  opening  of  the  season  of  1823,  to  take  charge  of  such 
work  as  still  remained  to  be  doneon  the  canal  between  the  Minden  dam 
and  the  Upper  Mohawk  aqueduct,  a  section  of  fifty  miles.  It  was  then 
made  bis  duty  to  organize  parties  of  men  to  superintend  the  work  of  re- 
pairs and  such  incidental  improvements  as  were  found  necessary  to 
bring  the  section  into  use  for  na\  igation. 

The  custom  was,  at  that  day,  to  stop  small  leaks  in  the  canal  by 
dumping  in  clay,  but  Mr.  Jervis  records  that,  "finding  the  clay  not 
satisfactory  in  the  leaks  that  occurred,  I  made  trial  of  tine  gravel  inter- 
mixed with  sharp  sand,  which,  while  it  did  not  fully  stop  the  Leak  at 
the  first  application,  was  not  sensibly  carried  away,  and  the  interstices 
being  small  they  were  gradually  filled  up,  and  the  work  became  tight," 
which  marked  a  decided  advance  in  the  mode  of  repairing  leaks,  and 
was  illustrative  of  the  care  with  which  Mr.  Jervis  always  investigated 
details.  In  the  spring  of  1825  the  canal  was  opened  to  Albany,  and  Mr. 
Jervis  was  continued  as  the  Superintendent  Engineer  on  the  same 
division.  During  that  year  and  until  March,  1825,  he  had  full  charge  o) 
the  entire  section  from  Amsterdam  to  Albany,  and  all  accounts  for  labor 
and  material  passed  through  his  hands,  He  records  the  fact  that  the 
actual  cost  of  operating  the  section  of  titty  miles  for  one  year,  including 
Loci  tenders  and  all  expenses,  except  those  lor  the  collection  of  tolls, 
was  at  the  rate  oi  •-' ( >00  per  mile. 

Mr.  Canvass  White,  the  principal  Assistant  Engineer,  left  the  State 
service  for  other  work  in  1823,  and  as  Judge  Wright,  the  Chief  Engi- 
neer, had  maii\  calls  for  his  service  on  canal  enterprises  in  other  States, 
the  entire  responsibility  for  the  section  referred  to  was  tin-own  upon 
Mr.  Jervis  ami  .Mr.  Seymour,  the  Canal  Commissioner. 

After  seven  years' employment  on  the  Erie  Canal,  Mi-.  Jervis  closed 
his  services  by  resignation  early  in  the  month  of  March,  1825,  \er\ 
much  to  the  regret  of  Mr.  Henry  Seymour,  who  gave  him  warm  testi- 
monials. Mr.  .lervis  went  to  New  York  and  had  an  interview  with 
Judge  Wright,  who  had  entered  into  an  engagement  with  the  Delaware- 
ami  Hudson  ('anal  Company,  which  resulted  in  the  engagement  of  Mr. 
.lervis  as  Chief  Engineer  of  that  company,  with  Judge  Wright  as  Con- 
sulting Engineer.  Preliminary  surveys  and  estimates  had  been  made 
for  the  construction  of  a  water  route,  partly  canal  and  partly  slack- 
water;  but  Mr.  Jervis,  after  a  careful  investigation,  decided  against 
most  of  the  slack-water  plan,  his  decision  being  approved  by  Judge 
Wright.  Near  the  (dose  of  1827  Judge  Wright  resigned,  and  Mr.  Jervis 
was  appointed  to  succeed  him,  and  remained  in  charge  of  the  work  un- 
til 1830.     During  this  time  he  constructed   the   inclines  of  the  Carbon- 
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dale  Railroad  and  ordered  from  England  the  "  Stourbridge  Lion,"  the 
lirst  locomotive  imported  into  this  country,  which,  with  two  others, 
were  ordered  about  a  year  before  the  famous  trial  on  the  Liverpool  and 
Manchester  Railway,  indicating  Mr.  Jervis'  extraordinary  foresight  and 
courage.  This  locomotive,  Mr.  Jervis  states,  was  bought  under  an 
order  from  him  for  a  locomotive  which  should  not  exceed  5£  tons  in 
weight.  The  "  Stourbridge  Lion  "  actually  weighed  7  tons,  exclusive  of 
coal  and  water,  with  the  proper  complement  of  which  its  weight  was  8 
tons,  and  consequently  in  excess  of  the  weight  which  the  trestles  of  the 
Carbondale  road  were  built  to  sustain,  and  hence  the  locomotive  could 
not  be  used.  But  the  criticism  that  the  trestles  were  too  weak  for  their 
intended  purpose  is  negatived  by  the  fact  that  they  bore  in  the  first 
20  years  the  transit  of  about  5  000  000  tons  of  coal.  Mr.  Jervis  is  cer- 
tainly entitled  to  the  credit  of  having  introduced  the  first  locomotive  on 
the  American  continent,  and  its  failure  to  be  serviceable  was  not  due  to 
any  error  of  his. 

The  works  of  the  Delaware  and  Hudson  Canal  and  Railroad 
were  completed  in  the  fall  of  1829,  and  a  few  boats  loaded  with 
coal  were  transported  to  tide-water  on  the  Hudson.  Mr.  Jervis  records 
that  at  this  time  he  employed  Mr.  John  H.  McAlpine  to  superintend 
the  construction  of  machinery,  who  introduced  his  son,  William  J. 
McAlpine,  then  about  1G  years  of  age,  and  requested  a  place  for  him. 
Mr.  MoAlpine's  widely-known  engineering  reputation  started  with  that 
introduction. 

In  1830  Mr  Jervis  was  appointed  Chief  Engineer  of  the  Albany  and 
Schenectady  Railroad,  the  first  railroad  constructed  in  the  State  of 
New  York. 

Mr.  Jervis  subsequently  became  Chief  Engineer  of  the  Schenectady 
and  Saratoga  Railroad,  and  while  occupying  this  position,  in  1830,  his 
attention  was  drawn  to  the  inadequacy  of  the  locomotives  of  the  then 
existing  plan  for  high  speed.  This  was  especially  noticeable  in  the 
action  of  the  second  engine  imported  for  the  Albany  and  Schenectady 
Railroad,  called  the  "John  Bull,"  the  first  having  been  named  the 
"De  Witt  Clinton."  Mr.  Jervis  says  of  the  "John  Bull  :  "  "It  being 
placed  on  four  wheels,  the  overhanging  caused  a  sharp  and  disagreeable 
motion  of  the  engine.  This  circumstance,  with  others,  induced  me  to 
continue  my  researches  for  a  remedy  for  the  weight,  and  to  secure  a 
more  steady  motion  for  the  engine,  and  I  was  finally  led  to  the  plan  of 
a  four-wheeled  truck  under  the  forward  portion  of  the  engine  as  a  sup- 
port for  that  end."  Mr.  Jervis  records  that  his  mind  was  made  up  in 
regard  to  the  form  of  this  truck  in  the  summer  of  1830,  although  he 
had  no  opportunity  to  construct  an  engine  of  that  plan  until  1832,  when 
the  first  engine  having  one  pair  of  drivers  and  a  four-wheeled  truck, 
manufactured  by  the  West  Point  Foundry  Association,  was  run  on  the 
Mohawk  and  Hudson  Railroad,  by  David  Mathews,  till  a  speed  of  50 
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miles  per  hour  was  attained.  An  engraving  in  the  Railroad  Gazelle  for 
February  3d,  1872,  shows  the  engine  so  designed  in  1831.  It  is  scarcely 
necessary  to  add  that  this  precise  form  of  truck  is  now  in  use  on  over 
125  000  miles  of  railway  in  this  country,  as  well  as  on  many  thousand 
miles  in  other  countries.  After  the  conrpletion  of  the  two  railroads 
above  mentioned,  in  1833  Mr.  Jervis  was  engaged  by  the  Canal  Com- 
missioners as  Chief  Engineer  of  the  Chenango  Canal,  98  miles  long, 
with  100  locks.  On  this  canal,  for  the  tirst  time  in  this  country,  resort, 
was  had  to  artificial  reservoirs  for  the  supply  of  its  summit  level  with 
water,  and  Mr.  Jervis  was  the  originator  of  the  method.  In  1835  the 
work  of  the  enlargement  of  the  Erie  Canal  was  attempted,  and  Mr.  Jen  is 
was  called  upon  to  make  surveys  and  estimates  on  the  eastern  section. 
He  proposed  corrections  for  many  errors  in  its  original  construction, 
and  at  Little  Falls  he  wholly  rearranged  the  locks. 

In  October,  1836,  he  accepted  the  unsolicited  offer  of  the  position  of 
Chief  Engineer  of  the  Croton  Aqueduct,  considered  at  the  time  of  its 
completion  as  the  greatest  example  in  the  world  of  hydraulic  engineer- 
ing skill.  The  difficulties  with  which  Mr.  Jervis  had  to  contend,  caused 
by  the  ignoranee  and  sometimes  by  the  malicious  criticism  of  the  op- 
ponents of  the  aqueduct,  greatly  tried  his  patience  and  skill,  but  he 
succeeded  in  holding  the  position  until  the  work  was  completed;  and  it 
deserves  to  be  here  recorded,  as  an  example  for  engineers,  and  for  the 
constructors  of  public  works  of  this  day,  that  the  aqueduct  constructed 
to  supply  the  then  population  of  250  000,  with  a  view  to  ultimately  sup- 
plying a  population  of  500  000,  starting  with  the  delivery  of  12  000  000 
gallons  per  24  hours,  is  now  supplying  95  000  000  gallons  daily  to  a 
population  of  1  400  000,  and  that  the  cost  of  the  whole  work,  exclusive 
of  the  High  Bridge,  estimated  by  Mr.  Jervis  on  January  2d,  1838,  at 
58  464  033,  was  completed  by  a  total  expenditure  to  January  31st,  1848, 
of  $8  766  626,  an  excess  of  cost  over  the  original  estimate  of  but  $302  593, 
or  about  3.7  per  cent.,  which  excess  is  almost  entirely  accounted  for  by 
the  loss  of  the  partially  completed  Croton  dam  on  January  8th,  1841, 
and  by  the  increased  cost  of  land  damages,  outside  of  which  items  we 
have  the  personal  authority  of  Mr.  Jervis  for  stating  that  the  excess  in 
cost  over  the  original  estimate  was  less  than  one  per  cent. 

Mr.  Jervis  was  appointed  in  1846  Consulting  Engineer  on  the  Boston 
water  supply,  which  position  lie  held  until  1848,  during  which  time  the 
Cochituate  Water-works  were  located  and  partially  constructed.  The 
water-works  at  Port  Jervis,  which  place  was  named  after  .Air.  Jervis  by 
the  directors  of  the  Delaware  and  Hudson  Canal  Company,  were  con- 
structed under  his  supervision,  as  were  also  the  Home  Water-works,  in 
1868.  In  1847  Mr.  Jervis  was  made  Chief  Engineer  of  the  Hudson 
River  Railroad,  which  position  he  held  until  1849,  and  was  Consulting 
Engineer  until  1850.  During  his  incumbency  the  Hudson  River  Rail- 
road was  completed   from  New  York  to   Poughkeepsie,  which  included 
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all  the  difficult  portions  of  the  work.  The  obtaining  of  capital  for  its 
(•(instruction  was  greatly  facilitated  by  Mr.  Jervis'  well  known  caution 
in  recommending  any  scheme. 

In  1850  Mr.  Jervis  went  to  Europe,  where  he  spent  four  months,  and 
was  received  with  great  honor  on  account  of  his  engineering  achieve- 
ments. "While  there  he  was  invited  by  Robert  Stephenson  to  witness 
the  launching  of  one  of  the  large  tubes  for  the  bridge  over  the  Menai 
Straits,  of  which  he  says:  "The  spectacle  was  highly  interesting  in 
itself,  and  was  followed  by  an  invitation  to  dine  with  a  party  of  English 
engineers,  an  occasion  I  enjoyed  very  much."  On  his  return  he  en- 
gaged as  Chief  Engineer  in  the  construction  of  the  Michigan  Southern 
and  Northern  Indiana  Railroad,  now  the  western  portion  of  the  Lake 
Shore  and  Michigan  Southern,  and  then  one  of  the  most  prominent 
public  works  of  the  country,  about  66  miles  of  which,  originally  known 
as  the  Erie  and  Kalamazoo  Railroad,  had  been  constructed  by  the 
State  of  Michigan  with  a  wooden  rail  and  iron  plates.  Mr.  Jervis  con- 
tinued his  connection  with  this  company  until  the  spring  of  1858. 
During  the  summer  of  1851  he  Avas  made  President  of  the  Chicago  and 
Rock  Island  Railway,  which  was  constructed  from  Chicago  to  Daven- 
port, 180  miles,  and  brought  into  use  about  1854.  From  the  spring  of 
1858  until  the  spring  of  1861,  Mr.  Jervis  was  without  professional  en- 
gagement. In  the  fall  of  1861  he  was  appointed  General  Superintend- 
ent of  the  Pittsburgh,  Fort  Wayne  and  Chicago  Railway,  then  just 
emerging  from  a  condition  of  practical  bankruptcy.  The  bondholders 
had  foreclosed  and  sold  the  road  and  the  company  had  been  reorgan- 
ized, acknowledging,  however,  all  classes  of  stockholders  and  creditors 
to  the  full  amount  of  their  original  interest.  The  road  had  been  cheaply 
constructed  and  inadequately  maintained,  and  was  in  poor  condition. 
The  stock  was  then  selling  at  8  per  cent.,  and  not  long  after  Mr.  Jervis 
entered  on  the  management  a  stockholder  inquired  of  him  if  it  would 
be  advisable  to  sell  at  20  per  cent.  He  held  the  position  of  General 
Superintendent  until  March,  1864,  when  he  resigned  to  take  that  of 
Chief  Engineer,  which  position  he  occupied  until  1866,  and  was  Con- 
sulting Engineer  of  the  company  until  1872.  During  the  period  of  his 
superintendence  the  track  and  machinery  were  greatly  improved,  the 
latter  being  very  much  increased  in  quantity,  as  well  as  improved  in 
quality.  During  his  administration  all  the  fixed  liabilities  of  the  com- 
pany were  promptly  met,  and  soon  after  his  resignation  as  General 
Superintendent  the  company  paid  a  semi-annual  dividend  of  5  per  cent. 
The  foundation  was  laid  by  Mr.  Jervis  for  the  extraordinary  success 
with  which  the  company's  affairs  have  been  so  ably  managed  by  his 
successors.     - 

About  1872,  Mr.  Jervis  was  consulted  by  the  parties  who  were  con- 
templating the  building  of  the  Cazenovia  and  Canastota  Railroad,  who 
submitted  to  him  an  estimate  which  they  had  procured  of  the  cost  of 
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building  the  proposed  line,  asking  his  opinion  thereof.  With  his  usual 
caution  and  foresight,  lie  recommended  that  they  double  the  amount  of 
the  estimate  and  not  undertake  the  construction  until  they  were  pre- 
pared to  expend  the  increased  amount.  This  somewhat  delayed  the 
construction  of  the  road,  the  cost  of  which,  when  completed,  fully  sus- 
tained Mr.  Jervis'  views.  In  1868  he  was  made  one  of  the  first  trustee- 
in  the  organization  of  the  Rome  Merchant  Iron  Mill  Company,  which 
position  he  occupied  until  the  time  of  his  death.  The  operations  of 
the  company  for  the  first  two  years  resulted  in  serious  loss,  and  threat- 
ened its  bankruptcy;  but  in  1872  Mr.  Jervis  came  to  its  rescue  with  a 
large  loan  of  his  personal  funds,  and  assumed  the  position  of  secretary, 
which  he  held  at  the  time  of  his  death.  Under  his  wise  and  prudent 
administration — for  his  was  the  keynote  in  the  management — the  corn- 
puny  retrieved  its  former  errors,  and  is  now  on  a  prosperous  footing. 

ft  will  be  seen,  therefore,  that  for  more  than  seventy  years  Mr.  Jer- 
vis has  been  an  active  worker,  and  all  his  work  has  been  of  a  character 
to  leave  an  enduring  impression  on  the  country.  Since  his  practical 
retirement  from  active1  railroad  management,  in  1866,  he  found  time  to 
write  a  book  on  "Railway  Property,-'  and  another  on  " The  Question 
of  Labor  and  Capital."  In  1877  he  wrote  a  paper,  published  in  the 
International  Review,  advocating  the  use  of  locomotives  for  towing  boats 
on  the  Erie  Canal — an  unexampled  evidence  of  progress  at  the  age  of 
eighty-two.  In  1879,  at  the  request  of  the  Young  Men's  Christian  Asso- 
ciation of  Rome,  Mr.  Jervis  wrote  a  lecture  on  "Industrial  Economy," 
which  was  delivered  before  that  Association.  He  was  then  past  eighty- 
three  years  of  age,  yet  that  lecture  showed  his  mind  to  be  as  clear,  strong 
and  vigorous  as  in  the  days  of  his  prime.  In  1878,  Hamilton  College 
conferred  on  him  the  degree  of  LL.D. 

His  last  professional  work,  and  that  which  most  fully  illustrates  the 
extraordinary  character  of  Ins  professional  ability,  and  the  esteem  in 
which  lie  was  held  by  his  engineering  contemporaries,  was  his  employ- 
ment as  a  Consulting  Engineer  on  the  proposed  new  Croton  Aqueduct, 
by  the  late  [saac  Newton,  Chief  Engineer,  and  by  Mr.  E.  S.  Chesbrough, 
then  Consulting  Engineer  for  that  work.  Upon  this  business  Air. 
Jervis  came  to  this  city  in  December,  L881,  and  remained  here  some 

two  weeks,  consulting  daily  with  Messrs.  Newton  and  Chesbrough,  and 
on  his  return  to  Rome  he  took  with  him  various  plans,  and  made  a 
report  substantially  indorsing  the  plans  proposed  by  Messrs.  Newton 
and  Chesbrough.  That  he  should  be  equal  to  this  work  at  the  age  of  86 
was  sufficiently  remarkable,  but  that  he  should  he  considered  as  worthy 
of  being  consulted  by  men  themselves  veterans  in  the  profession,  is  a 
still  more  extraordinary  evidence  of  the  exceptional  character  of  the 
man. 

Mr.  Jervis' strongest  trait  was  his  absolute  conscientiousness,  ex- 
emplified in  every   walk  of  life.     His  career  was  an  example  of  the  most 
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sterling  integrity,  and  while  he  had  many  critics  and  opponents  during 
his  professional  career,  the  tongue  of  slander  never  wagged  against 
him.  His  life  was  a  grand  example  to  the  young  in  all  professions,  and 
particularly  to  those  of  his  own  profession,  who  meet  with  so  many 
temptations  and  discouragements  ;  and  a  study  of  his  memoirs,  which 
will  he  published  at  length  at  an  early  day,  will  enable  many  a  man  to 
avoid  the  rock  upon  which  so  many  barks  have  foundered. 

His  devotion  to  the  good  of  his  fellows  is  evidenced  by  his  will,  in 
which  he  bequeathed  his  valuable  library  and  about  one-third  of  his 
estate  to  erect  a  building  for  a  library  and  lecture-room,  for  the  use  of 
the  people  of  Rome,  so  long  his  place  of  residence. 

Mr.  Jervis  was  twice  married.  In  1834  he  married  the  daughter  of 
the  late  George  Brayton,  of  Weston,  who  died  in  1839.  Two  years  later 
he  was  married  to  Eliza  R.  Coates,  who  survives  him.  His  health  for  the 
greater  part  of  his  life  was  remarkably  good.  During  the  past  year  his 
strength  had  been  gradually  failing,  and  he  told  one  of  the  members  of 
the  committee  at  his  last  interview  in  November  that  his  work  was  done. 
He  had  no  special  disease;  the  machine  had  simply  worn  out  from  old 
age.  When  one  of  the  members  of  the  committee  talked  with  him,  only 
two  months  before  his  death,  his  mind  was  as  clear  and  his  faculties  as 
undimmed  as  at  the  beginning  of  their  acquaintance,  24  years  since,  and 
it  was  only  for  a  day  or  so  before  bis  death  that  mind  and  memory 
failed  him. 

In  the  death  of  John  Bloomheld  Jervis  the  whole  community  may 
truly  mourn;  for  a  great  engineer,  a  good  man,  and  a  valuable  citizen 
has  departed.  The  important  and  enduring  works  on  which  he  had 
spent  a  lifetime  will  elevate  and  benefit  the  human  race  long  after  his 
remains  shall  have  crumbled  to  dust,  and  his  fame  as  one  of  the  greatest 
of  American  engineers  will  survive  the  age  in  which  he  lived.  But, 
above  all,  the  remembrance  of  the  indtistry,  energy  and  perseverance  by 
which  he  overcame  all  obstacles,  and  raised  himself  from  the  lowest  to 
the  highest  rank  in  his  profession,  his  purity  of  life  and  his  honorable 
and  high-minded  character,  will  survive  as  an  example  and  an  incentive 
to  the  young  men  of  America  and  encourage  them  to  emulate  his  virtues. 
Mr.  Jervis  became  a  Member  of  the  American  Society  of  Civil 
Engineers,  December  4th,  1867.  He  was  made  an  Honorary  Member  of 
the  Society,  December  2d,  1868. 
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JOHN  AVERY,  M.  Am.  Sue.  C.  E. 


Died   January  30th,  1884. 


John  Avery  was  born  at  Lowell,  Mass.,  July  15th,  1830,  and  was 
graduated  at  Harvard  College  in  1850,  he  being  the  sixth  John  Avery,  in 
regular  descent  from  father  to  son,  who  had  there  received  the  degree 
of  A.  B.,  viz.,  in  1706,  1731,  1759,  1793,  1819  and  1850. 

After  graduation  he  traveled  with  his  father  in  Europe,  and,  return- 
ing, commenced  the  profession  of  civil  engineering  in  the  office  of 
Mr.  James  B.  Francis,  M.  Am.  Soc.  C.  E.  He  was  afterwards  with  Mr. 
William  E.  Worthen,  M.  Am.  Soc.  C.  E.,  in  the  surveys  for  the  New 
Rochelle  and  Mott  Haven  Railroad  ;  in  the  construction  of  the  Cos 
Coh  bridge  on  the  New  York  and  New  Haven  Railroad,  and  afterwards 
in  charge  as  engineer  on  this  road.  He  was  an  assistant  to  Mr.  James 
Laurie,  M.  Am.  Soc  C.  E.,  in  the  surveys  of  a  railroad  in  Nova 
Scotia,  and  in  his  examination  and  report  on  the  Troy  and  Greenfield 
Railroad,  and  the  Hoosac  Tunnel.  He  had  charge  of  the  surveys  and 
examination  of  the  obstructions,  natural  and  artificial,  of  the  Sudbury 
River,  in  the  employ  of  the  State  of  Massachusetts.  He  was  an  assist- 
ant engineer  on  the  Brooklyn  Water-works. 

Taking  up  his  residence  in  New  York  City,  he  became  a  member  of 
the  7th  Regiment,  and  went  with  it  to  the  defense  of  Washington  and 
Baltimore,  and  always  continued  his  military  connection  in  "The 
Veterans." 

In  1865  he  entered  the  service  of  the  Croton  Aqueduct  Department, 
and  had  charge  of  the  construction  of  the  reservoir  at  Ward's  Island. 
He  was  transferred  to  the  Bureau  of  Sewers  of  this  department,  and 
continued  in  the  same  work  under  the  Department  of  Public  Works 
till  Ins  decease.  He  met  his  death  January  30th,  1881,  by  being  struck 
by  a  locomotive  on  the  New  York  Central  and  Hudson  River  Railroad 
while  on  his  way  to  the  station  to  take  the  cars. 

Mr.  Aveiy  was  singularly  quiet  and  retiring  in.  manner,  but  educated 
and  refined  in  his  tastes,  with  an  enthusiastic  love  of  field  sports.  He 
made  many  friends,  not  only  among  those  of  his  profession,  but  also 
among  those  with  whom  he  was  brought  in  contact,  and  once  made  they 
were  retained. 

Mr.  Avery  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  December  1th,  1867. 


Committee   to  prepare  Memoir:   Mr.  William  E.  Worthon,  M.  Am.  Soc.  C.  E. :  Mr.  G.  S. 
Greene,  Jr.,  M.  Am.  Soc.  C.  E. ;  aud  Mr.  Charles  H.  Myere,  M    Am   Soc.  C.  E. 
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LIST    OF    MEMBERS. 


ADDITIONS 


MEMBERS. 

Date  of  Election. 

Andrews,  David  Herbert Proprietor  Boston  Bridge  Works, 

13  Pemberton  square,    Boston, 

Mass  Sept.  2,  1885- 

Aulls,  Herbert  Leander.  .  . .   (Care  Union  Pacific  R'y),  Omaha, 

Nebraska July    1,  1885. 

Bishop,  Thomas  Sparks Engineer  Russell  and  Erwin  Man- 
ufacturing    Co..   New   Britain, 

Conn Sept.  2,  1885. 

Cooley,  George  Washington.  .42  South  Third  St.,  Minneapolis, 

Minn "      "      " 

Craighill,  William  Price    ..   Lieut. -Col.    Corps   of  Engineers, 

U.  S.  A.,  378  St.  Paul  st.,  Balti- 
more, Md Oct.    7,    1885. 

Harrison,  Edlow  Wingate  ...  Rooms  74  and  75,   Fuller  Build- 
ing, Jersey  City,  N.  J June  3,   1885. 

Hoag,  Sidney  Willett,  Jr 128  East  One  Hundred  and  Fif- 
teenth st.,  New  York  City Sept.  2,  1885. 

Paret,  Milnor  Peck Assistant  Engineer  Reading  and 

■    Pottsville  R.   R.,  Harrisburgh, 

Pa "      "      " 

Rowe,  Samuel  McMath Resident    Engineer     Las    Vegas 

Division  Atchison,  Topeka  and 
Santa  Fe  R.  R.,  Las  Vegas,  N. 
M "      "      " 


associate. 

Barnes,  William  Henry 2121    Walnut    st.,    Philadelphia, 

Pa Sept.  2.  1885. 


Bensel,  John  Anderson 207    West    Fifty-sixth    st.,    New 

York  City Sept.  2,  1885. 

Ferrer,  Carlos  Ferrer Morris  Dock,  New  York  City, "      "      " 

Smith,  Maxwell 44  East  Sixty-fifth  st.,  New  York 

City "      "      " 
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CHANGES      \  \   D      I    "  R  B  E  I    FION8. 


MEMBERS. 


Allen,  C.  Frank Socorro,  New  Mexico. 

Allen,  James  P 5  Bull  St.,  Charleston,  S.  C. 

Bland,  John  C 257  South  Fourth  st,  Philadelphia,  Pa. 

Burpee,  Moses Chief  Engineer  New  Brunswick  R'y,  Wood- 
stock, N.  B.,  Canada. 

Curtis,  Wendell  R Rockland,  Plymouth  Co.,  Mass. 

De  Funiak,  Frederick   204   East  Chestnut  St.,  Louisville,  Ky. 

Fisher,  Charles  H Lansingburgh,  N.  Y. 

Flagg,  J.  Foster (Care  Charles  &  Lindsay),  145  Broadway,  New 

York  City. 

Frith,  Arthur  J (Care  Reeves  Bros. ),  Niles,  Ohio. 

Fuller,  Sidney  T 1G  Chester  Square,  Boston,  Mass. 

Greene,  Francis  V Capt.  Corps  of  Engineers,  U.  S.  A.,  West  Point, 

N.  Y. 

Hood.  William Chief  Engineer  Southern  Pacific  Co.,  Pacific 

System,  San  Francisco,  Cal. 

Jewett,  William  C Resident    Engineer  Cincinnati,  New   Orleans 

and  Texas  Pacific  R'y,  and  Alabama  Great 
Southern  R.  R.,  Chattanooga,  Tenn. 

McCool,  Daniei General  Manager  St.  Joseph  and  Grand  Island 

R.  R.,  St.  Joseph,  Mo. 

Mosman,  Alox/.i  .  T Beverly,  Mass. 

O'Rourke,  John  F Engineer  in  charge  Wisconsin   River  Bridge, 

Chicago,  Burlington  and  Northern  R'y  (P. 
O.  Box  62),  Prairie  du  Chien,  Wis. 

Parkhurst,  Henry  W Omaha,  Nebraska. 

Phinney,  Henry  W.  B 170  East  One  Hundred  and  Eleventh   st.,  New 

York  City. 

Strobel,  Charles  L Consulting   Engineer    Keystone    Bridge    Co., 

Home  Insurance  Building,  Chicago,  111. 

Watkins.  Frederick  W Division  Engineer   Aqueduct  Commissioners, 

118  East  One  Hundred  and  Fifteenth  st. 
N6W  York  City. 

Whitiord,  Oscar  F Superintendent  of  Mines  for  the  Santa  Barbara 

Silver  Mining  Co.,  Santa  Barbara,  Chihua- 
hua, Mexico. 

JUNIORS. 

Biss  ell,  Frank  E Road  Master  Fort  Worth  and  Denver  City  R'y, 

Fort  Worth,  Texas. 

Blanc,  Frederic  N 14  West  Twenty-third  st.,  New  York  City. 

Francis,  George  B (Care  W.   H.  Atwood,  Div.  Eng.   S.  P.  R.  R.). 

Fannettsburg,  Pa. 
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Dfrant,  Thomas  C Elected  Fellow  November  13th,  1870:  died  Oc- 
tober 5th,  1885. 

Sites,  Wilmon  W.  C Elected    Member   November   6th,    1878;    died 

October  1st,  1885. 


Subscription  to  Building  Fund  not  previously  acknowledged. 

Newell,  John $100.00 


^mmcmi  j&octttg  of  {j  iuil  jrnjineera. 


PROCEEDINGS. 


Vol.   XI.— November,  1885. 


MINUTES    OF     MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 


October  21st,  1885. — The  Society  met  at  8  r.  m.,  Vice-President 
G.  S.  Greene,  Jr.,  in  the  chair.  A  paper  by  Mr.  Walton  W.  Evans, 
M.  Am.  Soc.  C.  E.,  on  Abt's  System  of  Railways  for  Steep  Inclines,  was 
read  and  discussed. 

November  4th,  1885. — The  Society  met  at  8  p.  m.  ,  Vice-President 
G.  S.  Greene,  Jr.,  in  the  chair.  The  following  candidates  were 
elected  as  Members  :  Edward  Sherman  Gonld,  Yonkers,  N.  Y.  ;  Ben- 
jamin Dwight  Green,  Oswego,  N.  Y. ;  Simpson  Clark  Heald,  Worces- 
ter, Mass. ;  Thomas  Franklin  Richardson,  El  Paso,  Texas  :  and  as 
Fellow  of  the  Society,  Henry  Coddington  Meyer,  New  York  City. 

The  following  amendment  to  the  By-Laws  was  regularly  proposed: 
To  amend  Section  24,  5th  Clause,  by  substituting  the  word  "Decem- 
ber" for  the  word  "November."  This  will  he  issued  for  letter- 
ballot. 

The  Board  of  Direction  was  requested  to  issue  a  circular,  calling  the 
attention  of  Members  to  the  desirability  of  adding  to  the  Junior  Mem- 
bership, and  of  exercising  their  personal  influence  with  young  inch  to- 
wards inducing  them  to  make  application  in  the  ordinary  way  for 
Junior  Membership. 

A  paper  by  Mr.  F.  Colling  wood,  M.  Am.  Soc.  C.  U.,  on  the  Be- 
havior of  Cement-Mortars  Under  Various  Contingencies  of  Use,  with  a 
Brief  Discussion  of  Several  Tests,  was  read  and  discussed. 

OF  THE  BOARD  OF  DIRECTION. 

October  28th,  1885. — Applications  were  considered.  Action  was 
taken  as  to  Members  in  arrears  for  dues. 

November  4th,  1885. — Applications  were  considered.  Action  was 
taken  as  to  Members  in  arrears  for  dues. 
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MEMOIRS  OF  DECEASED  MEMBERS. 


CHARLES  AUGUSTUS  SMITH,  M.  Am.  Soc.  C.  E. 


Died  February  2d,  1884. 


Charles  Augustus  Smith  was  horn  in  St.  Louis,  Mo.,  on  the  first  day 
of  October,  1846.  His  mother  dying  soon  afterwards — probably  in  the 
epidemic  of  cholera  in  1849 — he  was  placed  in  the  care  of  his  mother's 
sister,  in  Newbury  port,  Mass. ,  the  native  State  of  both  his  parents,  and 
there  remained  during  his  youth. 

After  graduating  in  the  English  course  in  the  Boys'  High  School  in 
Newburyport,  in  1862,  he  began  his  professional  work  in  March,  1863, 
in  the  office  of  Mr.  J.  B.  Henck,  civil  engineer,  in  Boston.  In  the 
following  year  he  was  a  leveler  on  the  Boston,  Hartford  and  Erie 
Railway.  In  1865  he  was  an  assistant  engineer  on  the  Boston  and 
Providence  Railway,  and  then  chief  assistant  in  the  City  Engineer's 
office  at  Springfield,  Mass.  By  this  time  he  began  to  feel  the  need  of 
more  thorough  technical  training,  and,  in  October,  1865,  entered  the 
Sophomore  Class  in  the  Massachusetts  Institute  of  Technology,  then 
first  opened,  and  was  a  member  of  the  first  graduating  class  in  1868. 
During  his  course  in  the  Institute  he  kept  his  residence  in  Newbury- 
port, going  daily  to  and  from  Boston,  forty  miles  distant. 

His  vacations  were  all  spent  in  professional  work.  Thus,  in  1866,  he 
was  transit-man  on  a  railroad  survey,  and  in  1867  was  employed  in  the 
office  of  Mr.  J.  B.  Francis,  Past  President  Am.  Soc.  C.  E.,  engineer  of 
the  locks  and  canals  at  Lowell,  Mass.,  where,  also,  he  spent  a  short 
time  in  1868.  In  the  latter  part  of  this  year  he  became  an  assistant 
engineer  on  the  location  of  the  Union  Pacific  Railway  in  Utah,  where 
he  was  associated  with  Mr.  E.  P.  North,  M.  Am.  Soc.  C.  E.,  and  the 
late  Mr.  John  R,  Gillis,  M.  Am.  Soc.  C.  E. 

In  1869  he  formed  a  business  partnership  with  Prof.  J.  B.  Henck, 
of  Boston,  and  during  this  connection  was  division  engineer  on  the 
Blue  Ridge  Railway  in  North  Carolina.  Thence,  in  1870,  he  was  called 
back  to  St.  Louis,  the  place  of  his  birth,  to  become  instructor  in  civil 
engineering  in  Washington  University.  Shortly  afterwards  he  was 
elected  to  the  full  professorship  of  civil  and  mechanical  engineering,  a 
position  which  he  held  until  June,  1883,  when  compelled  by  failing- 
health  to  resign. 
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Whilst  connected  with  the  University,  he  found  time  for  mnclf  pro- 
fessional work.  He  was  for  several  years  consulting  engineer  for  the 
Iron  Mountain  Railway  Company,  and  designed  for  them  the  shops  at 
De  Soto.  He  was  also  consulting  engineer  for  Shiekle,  'Harrison  & 
Co.,  iron  manufacturers,  for  whom  he  designed  the  roof  trusses  of  the 
St.  Louis  Merchants'  Exchange,  and  several  iron  bridges.  In  1879  he 
spent  his  summer  vacation  at  Minneapolis,  as  resident  engineer  of  the 
Baltimore  Bridge  Company,  at  that  time  building  the  Minnehaha 
bridge  over  the  Mississippi  River,  for  the  Chicago,  Milwaukee  and 
St.  Paul  Railway. 

In  1880  he  made  a  competitive  design  for  pumping  machinery  for 
the  water-works  at  Richmond,  Virginia,  which  gained  the  first  prize  of 
$500,  and  has  since  been  used  in  construction  of  the  works.  He  was 
also  consulting  engineer  during  the  construction  of  the  water- works  at 
Hannibal,  Mo.,  and  at  St.  Charles,  Mo. 

His  last  professional  work  was  the  preparation  of  the  two  books  on 
steam  engineering,  which  have  been  published  since  his  death,  under 
the  titles  of  "  Steam  Making"  and  "  Steam  Using."  These  were  both 
written  during  the  last  two  years  of  his  life  and  after  the  appearance  of 
the  disease,  a  cancerous  tumor,  which  finally  caused  his  death,  and  are 
sad  memorials  of  a  most  gallant  struggle  against  depressing  influences 
1>\  which  most  men  would  have  been  unnerved.  When  his  strength 
had  waned  until  it  was  no  longer  equal  to  the  work  of  teaching,  he  went 
back  to Newburyport,  his  old  home.  He  did  not,  however,  cease  working, 
but,  lying  on  his  bed  <>r  propped  up  in  a  chair,  pressed  on  to  a  conclu- 
sion his  record  book,  and  did  not  lay  down  his  pen  until  his  self-ap- 
pointed task  was  done.  He  died  about  a  week  afterwards,  on  the  2d  of 
February,  1881.  leaving  his  wife  and  three  children  surviving. 

Professor  Smith  was  Secretary  of  the  Engineers'  Club  of  St.  Louis 
for  more  than  eleven  years,  from  September,  1871,  to  February,  1883; 
ami  a  Member  of  the  American  Society  of  Civil  Engineers  from  April  7th. 
1880,  until  his  death.  He  was  also  a  Member  of  the  American  Water- 
works Association,  and  of  the  American  Railway  Master  Mechanics' 
Association . 

Personally  he  was  much  beloved  by  his  pupils  and  associates,  who 
will  long  cherish  his  memory  as  that  of  a  bright,  cheerful  and  large- 
hearted  man.  earnestly  devoted  to  noble  ends. 
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EDWARD  YORKE,  M.  Am.  Soc.  C.  E. 


Died  May  28th,  1881. 


Edward  Yorke  was  born  at  Florence,  Alabama,  October  8th,  1835. 
At  the  early  age  of  eleven  he  was  sent  to  France  by  his  father,  who  was 
a  prominent  and  wealthy  sugar-planter,  to  be  educated,  remaining  there 
for  eleven  years,  until  1856.  He  entered  the  Sarbonne  (University  of 
Paris),  graduating  as  Bachelor  of  Letters  in  May,  1852,  and  as  Bachelor 
of  Sciences  in  July,  1853.  He  then  entered  the  Ecole  Central  des  Arts 
et  Manufactures,  graduating  August  15th,  1856.  Toward  the  close  of 
1857  he  returned  to  the  United  States,  and  was  engaged  as  assistant 
engineer  by  the  Louisiana  Tehuantepec  Railroad  Company,  the  first 
corporation  which  attempted  the  construction  of  a  railroad  across  the 
Isthmus  of  Tehuantepec,  in  which  his  father  held  a  large  financial  in- 
ter.-st.  He  was  speedily  placed  in  charge  of  a  party  on  the  surveys, 
but  little  or  nothing  was  done  towards  construction,  and  he  ultimately 
remained  on  the  Isthmus  for  some  time,  looking  after  the  business 
interests  of  his  father  and  others  in  the  stage  line,  which  had  been 
est  a  1  dished  pro  tern,  across  the  Isthmus,  and  which  at  one  time  had  a 
heavy  traffic. 

Professional  and  social  interests  then  took  him  to  Mexico,  where  he 
remained  some  years,  several  of  his  class-mates  being  connected  with 
the  service  of  the  unfortunate  Maximilian.  His  chief  professional 
duties  during  this  period  were  as  engineer  in  charge  of  construction 
of  a  division  of  the  Mexican  Railway  from  Vera  Cruz  to  the  City  of 
Mexico,  a  service  of  no  little  danger  at  that  time  as  well  as  of  profes- 
sional responsibility.  The  country  was  in  a  condition  of  chronic  tu- 
mult, and  attacks  upon  the  constructing  force  were  frequent.  Upon 
the  completion  of  his  division  in  1865,  Mr.  Yorke  abandoned  his  pro- 
fession for  a  time,  purchasing  and  engaging  in  the  management  of  a 
coffee  plantation,  with  a  result  which  not  unfrequently  attends  enter- 
prises undertaken  by  engineers  outside  of  the  limits  of  their  own  pro- 
fession, to  wit,  more  money  went  into  it  than  came  out  of  it— although 
in  this  case  the  lack  of  success  was  largely  due  to  a  combination  of  un- 
fortunate circumstances,  and  especially  to  the  unsettled  condition  of 
the  country. 

In  1868  Mr.  Yorke  went  to  California,  which  may  be  said  to  have 
been  thereafter  his  home  until  the  time  of  his  death.  In  1868-69  he 
was   engaged   on   the    construction  of  the   Western '  Pacific   Railroad; 
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spending  the  next  three  years  in  various  topographical  surveys  at  San 
Francisco,  and  as  civil  assistant  on  the  harbor  works  of  that  city. 

In  1872-73,  Mr.  Yorke  was  engaged  as  one  of  the  party  of  recon- 
noitering  engineers  who  visited  Mexico  in  company  with  and  in  the 
interests  of  Generals  Palmer  and  Rosecrans,  who  were  at  that  time 
seeking  railway  concessions  in  Mexico,  and  who  planted  the  seeds  of 
the  movement  which,  some  eight  years  later,  bore  fruit  in  so  many  con- 
cessions, and  in  so  large  a  mileage  of  actual  construction,  only  a  por- 
tion in  the  interests  of  those  who  had  borne  the  chief  part  in  creating 
the  public  sentiment  which  led  to  them.  This  service  was  at  that  time 
one  of  no  little  danger  and  difficulty,  notwithstanding  which  it  was 
performed  with  a  thoroughness  which  commanded  the  respect  of  and 
rendered  great  assistance  to  those  who  succeeded  later  in  charge  of 
actual  construction.  The  entire  area  of  the  Mexican  plateau  was  ex- 
plored with  great  thoroughness,  and  the  conclusions  drawn  subse- 
quently proved  in  the  main  correct. 

Nothing  immediately  resulting  from  this  work,  Mr.  Yorke  in  1873 
returned  to  California,  and  became  connected,  in  succession,  during  the 
next  four  years,  with  the  North  Pacific  ( 'oast  Railroad  as  division  en- 
gineer, Dumbarton  Railroad  (afterwards  consolidated  with  the  South 
Pacific  Coast  Line)  as  chief  engineer,  and  as  resident  engineer  of  the 
latter  line  after  the  consolidation.  In  1877-78  he  was  professionally 
engaged  in  some  of  the  large  irrigation  works  of  the  State,  and  from 
March,  1878,  to  November,  1880,  was  chief  officer  of  the  State  Engi- 
neer's Department  of  California,  a  department  which,  owing  to  the  large 
irrigation  works  and  analogous    interests  of  the  State,  was  one  of  much 

importance. 

In  December,  1880,  Mr.  Yorke  again  went  to  Mexico  in  the  service 
of  the  Mexican  Central  Railroad  Company,  acting  for  a  few  months  as 
one  of  the  Locating  engineers  for  the  main  line,  whence,  in  April,  1881, 
he  was  detailed  to  take  charge  of  the  Pacific  Pine  surveys,  and  in 
August  of  the  same   year  was  appointed  chief  engineer  of  that  branch. 

In  September,  1883,  Mr.  Yorke  resigned  his  position,  work  on  the 
line  being  practically  suspended,  and  returned  to  California,  again 
entering  the  service  of  the  public  works  of  the  State.  In  May,  1881> 
while  fording  the  Santa  Anna  River,  in  San  Bernardino  County,  in 
Southern  California,  the  team   became  unmanageable,  and  the  wagon 

was  swept  away  by  the  torrent,  resulting  in  his  death,  by  drowning,  at 
the  age  of   forty-eight  years  and  seven  months. 

In  1880,  Mr.  Yorke  married  Miss  Jenny  rbanl,  daughter  of  Judge 
Heard,  of  Sacramento,  Cal.  His  only  daughter,  Irrna  Yorke,  died,  aged 
about  two  years,  with  distressing  suddenness  at  the  City  of  Guada- 
lajara, Mexico,  of  scarlet  fever,  being  taken  sick  on  the  very  day  when  it 
had  been  expected  to  Leave  with  her  for  the  United  States.  He  left, 
however,  a  posthumous  child. 
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Few  men  are  blessed  with  such  charming  and  attractive  personal 
qualities  as  was  Mr.  Yorke— qualities  which  insured  for  him  the  strong- 
friendship  of  those  with  whom  he  was  thrown  in  contact  personally  or 
professionally.  Born  under  circumstances  which  gave  him  extraor- 
dinary social  and  educational  advantages,  he  was,  perhaps,  for  that  very 
reason  little  imbued  with  the  restless  American  craving  for  advance- 
ment and  professional  success  as  the  chief  of  all  earthly  good:  but  he 
had  a  strong  professional  pride  and  interest  in  his  work,  which  served 
him  perhaps  in  better  stead,  and  the  great  responsibilities  with  which 
he«Avas  at  various  times  entrusted,  is  alone  proof  that  he  possessed  abili- 
ties of  no  common  order.  Outside  of  the  direct  line  of  professional 
duty,  perhaps  his  most  marked  characteristic  was  his  skill  and  tact  in 
dealing  with  men — a  quality  which  is  largely  born  in  a  man,  and  not 
acquired;  but  to  which  his  many  personal  characteristics,  large  experi- 
ence of  men  and  affairs  in  many  lands,  and  natural  dignity  of  manner, 
largely  contributed.  Those  who  knew  him  would  find  it  hard  to  believe 
that  he  was  ever  discourteous  or  rude  to  any  human  being— a  quality 
which  speaks  volumes  for  his  character.  And  we  can  only  regret  that 
untoward  circumstances  should  have  prevented  his  attaining  that 
rounded  and  long-continued  professional  career  for  which  his  training 
and  experience  had  in  so  many  ways  qualified  him. 

Mr.  Yorke  became  a  Member  of  the  American  Society  of  Civil  Engi- 
neers, November  1st,  1882. 


CHARLES  YANDERVOtfRT  SMITH,  M.  Am.  Soc.  C.  E. 


Died  June  30th.  1884. 


Charles  Vandervodrt  Smith  was  born  in  the  City  of  New  York 
October  5th,  1837.  He  received  a  common  school  education  at  Clark 
«fc  Farming's  Institute  in  that  city.  In  1852  he  began  his  professional 
career  with  The  Manhattan  Gas  Light  Company,  of  New  York,  and  was 
associated  with  that  company  until  his  death.  From  1852  to  1857  he 
was  employed  in  the  laboratory  and  as  assistant  to  the  late  Dr.  W.  H. 
Ellet;  from  1857  to  1866  in  the  laboratory  and  engineer's  office  ;  from 
1866  to  1871  as  assistant  engineer  and  superintendent  in  charge  of 
the  Eighteenth  street  station,  and  from  1871  to  the  time  of  his  death  he 
was  the  chief  engineer  of  the  company. 


Committee  to  prepare  Memoir:    Mr.  John   Bogart,    M.   Am.    Soc.   C.   E.,   and   Mr.  Max- 
well Smith,  Jnu.  Am.  Soc.  C.  E. 
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Iu  connection  with  Mr.  William  Farmer,  he  invented  and  patented  a 
number  of  important  appliances  and  machines  for  the  improvement  of 
the  various  processes  of  gas  manufacture,  notably  the  ziz-zag  scrub- 
bers, the  duplex  center  seal  tower  scrubbers,  and  water  distributers  for 

tower  scrubbers,  all  of  which  were  of  valuable  service  in  the  produc- 
tion of  illuminating  gas. 

In  the  summer  of  1883,  very  much  run  down  from  close  attention 
to  business,  he  passed  a  few  weeks  at  the  Rangeley  Lakes,  in  Maine,  and 
in  the  fall  sailed  for  Europe.  After  spending  some  months  there,  he 
returned  in  the  spring  of  1881  apparently  very  much  improved  in 
health,  and  again  entered  upon  the  active  discharge  of  his  professional 
duties. 

He  became  suddenly  and  seriously  ill  on  the  morning  of  June  28th, 
and  passed  away  in  his  sleep  early  on  June  30th,  an  affection  of  the 
heart  being  the  immediate  cause  of  death.  He  leaves  a  widow  and  two 
sons.  He  was  devoted  to  his  family  and  loved  by  many  friends,  to 
whom  his  genial  disposition  especially  endeared  him.  He  was  a  mem- 
ber of  the  7th  Regiment,  N.  Y.  S.  M.,  and  afterwards  of  its  veteran 
association.  He  was  one  of  the  organizers  of  the  Society  of  (las 
Lighting,  and  its  Vice-President  from  1881  till  his  decease. 

During  Mr.  Smith's  connection  of  thirty-two  years  with  the  Manhat- 
tan Gas  Light  Company,  of  the  City  of  New  York,  the  business  of  the 
manufacture  and  distribution  of  illuminating  gas  in  this  country  grew 
from  small  proportions  to  an  enormous  industry,  and  in  this  growth  the 
company  with  which  he  was  connected  had  a  large  and  representative 
part.  The  changes  were  not  only  in  the  amount  of  manufacture  and 
extent  of  distribution,  but  also  in  important  improvements  in  the 
scientific  and  mechanical  apparatus  and  processes  for  the  proper  treat- 
ment of  the  products  from  the  destructive  distillation  of  coal.  In  all 
these  advances  Mr.  Smith  was  the  trusted  adviser  of  this  great  company, 
as  well  as  the  engineer  in  immediate  charge  of  its  extensive  works. 
Quiet,  clear,  studious  and  thoughtful,  he  became  an  eminent  authority 
in  all  questions  connected  with  this  branch  of  engineering. 

As  a  Director  of  the  American  Society  of  Civil  Engineers  for  four 
successive  years,  his  clear  judgment  and  excellent  business  knowledge 
were  of  especial  value,  and  were  thoroughly  appreciated  by  the  members 
of  the  Board  of  Direction  in  their  management  of  the  trusts  confided  to 
them. 

Mr.  Smith  Mas  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  July  5th,  1876,  and  was  a  member  of  its  Hoard  of  Direction 
from  November,  1x77,  to  January,  1882. 
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ISAAC  NEWTON,  M.  Am.  Sac.  ('.  F. 


Dted  September  25th,   1884. 


Isaac  Newton,  Ph.D.,  was  horn  in  New  York  City,  August  4th,  1837. 
He  was  the  eldest  son  of  the  late  Isaac  Newton,  for  many  years  promi- 
nently known  in  connection  with  steam  navigation,  and  the  originator 
of  the  People's  Line  of  North  Eiver  steamboats. 

Mr.  Newton's  early  education  was  at  the  Columbia  College  Gram- 
mar School,  at  Hamilton  College,  and  finally  at  the  New  York  Univer- 
sity, where  he  graduated  in  1856.  His  practical  education  in  the  pro- 
fession which  lie  bad  adopted  was  of  a  most  thorough  character.  Under 
his  father's  direction  he  was  apprenticed  in  the  Delamater  Machine 
Shop  (Phoenix  Foundry)  and  at  the  Novelty  Works,  and  subsequently 
on  a  North  Eiver  steamboat  he  worked  his  way  from  the  lowest  grade 
to  that  of  assistant  engineer.  He  then  acted  as  engineer  (1857-58)  on 
one  of  the  Collins'  Line  of  Steamers  between  New  York  and  Livei^ool, 
terminating  with  an  engineering  tour  in  Europe  during  the  year  1859. 

On  the  breaking  out  of  the  war  he  sought  employment  under  the 
Government,  and,  after  passing  his  examination,  was  commissioned  as 
first  assistant  engineer  U.  S.  Navy  in  June,  1861,  and  was  ordered  for 
duty  on  the  U.  S.  steam  frigate  Roanoke  in  the  blockade  of  Charles- 
ton Harbor.  On  November  29th,  1861,  on  the  application  of  Mr.  Erics- 
son he  was  assigned  to  duty  in  connection  with  the  construction  of  the 
proposed  ironclad  to  be  built  for  the  Government  by  Mr.  Ericsson, 
subsequently  named  the  Monitor,  but  upon  which  no  work  had  as  yet 
been  done.  The  Monitor  was  launched  January  30th,  1862,  just  one 
hundred  days  after  her  keel-plate  was  laid.  Upon  her  completion.  Mr. 
Newton  volunteered  for  duty  on  board;  was  appointed  her  first  assist- 
ant engineer;  and  was  in  charge  of  the  engines  during  the  historic 
combat  which  followed  with  the  rebel  ram  Merrimac,  March  9th,  1862, 
which  marked  a  recognized  era  in  the  history  of  the  steam  navies  of  the 
world.  In  August  of  the  same  year  he  was  assigned  to  duty  in  New 
York  as  superintendent  of  the  construction  of  ironclads,  and  for  three 
years  thereafter,  was  engaged  in  the  office  of  the  General  Inspector  of 
Ironclads,  in  preparing  plans  and  specifications  for  and  the  construc- 
tion of  an  ironclad  fleet  for  the  Atlantic  seaboard. 

He  resigned  from  the  navy  at  the  close  of  the  war,  and  took  charge  of 
the  Broad  Top  Coal  Co.'s  Works  (Kemble  Coal  and  Iron  Company),  as 
engineer.  In  1868  he  was  engaged  under  General  McClellan  in  the  re- 
construction of  the  Stevens'  Steam  Battery  at  Hoboken.    In  June,  1869, 

Committee  to  prepare  Memoir:  Colonel  Julius  W.  Adams,  M.  Am.  Soc.  C.  E. ;  Mr.  G.  S. 
•Greene,  Jr.,  M.  Am.  Soc.  C.  E.;  and  Mr.  John  Boyart.  M.  Am.  Soc.  C.  E. 
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be  was  appointed  by  the  Secretary  of  the  Navy  a  member  of  the  board 
to  examine  and  report  the  conditions  and  needs  of  the  steam  navy  of 
tbe  United  States. 

In  1871  72  he  was  assistant  to  General  McClellan  in  the  Department 
of  Ducks,  New  York,  and  designed  and  constructed  the  one  hundred 
toil  floating  derrick,  still  in  use  on  these  works. 

In  1872  he  was  employed  by  the  government  of  the  British  Colonj 
of  Prince  Edward  Island,  as  consulting  engineer,  to  examine  and  report 
upon  needed  changes  in  the  plans  and  construction  of  the  railways  of 
that  colony,  some  160  miles  of  which  were  then  in  progress.  In  this 
same  year  he  was  tendered  the  position  of  chief  engineer  of  one  of  the 
departments  of  public  works  under  the  Khedive  of  Egypt,  which  he 
declined.  He  was  engaged  for  several  years  subsequently  in  various. 
private  enterprises:  U.  S.  Rolling  Stock  Co.,  in  the  preparation  of  plans 
and  specifications  for  locomotive  engine  construction;  consulting  engi- 
neer Burlington  and  Southwestern  Railway,  Iowa;  drainage  works  in 
connection  with  the  International  Railways  of  Nova  Scotia;  consulting 
engineer  to  New  York  Rapid  Transit  Commission;  Member  of  the  United 
States  Court  of  Claims  in  the  Monitor  cases;  Trustee  of  the  New  York 
and  Brooklyn  Bridge;  and  finally,  March  1881,  was  appointed  Chief 
Engineer  of  the  Department  of  Public' Works,  City  of  New  York,  by 
Commissioner  Thompson. 

When  Mr.  Newton  became  the  chief  engineer  of  the  deijartment, 
there  existed  a  pressing  necessity  for  a  speedy  solution  of  the 
problems  connected  with  the  increase  of  the  water  supply  of  the 
City  of  New  York.  In  the  study  of  these  problems,  he  quickly 
determined  that  true  economy  and  good  engineering  demanded 
that  the  provisions  to  be  adopted  for  this  purpose  should  be  of  no  tem- 
porary or  inadequate  character,  but  should  be  such  as  would  give  an 
abundant  supply  of  water  to  the  city,  with  due  regard  to  the  certain 
growth  of  its  population.  In  a  very  short  time  after  taking  up  the  sub- 
ject, he  presented  in  definite  form  the  outlines  of  the  project  for  this 
great  engineering  work.  His  suggestions  received  the  approval  of  the 
eminent  engineers  called  to  consult  with  him.  He  gave  to  the  subject, 
both  during  the  elaboration  of  the  plans  and  after  their  completion,  the 
earnest  study  and  devotion  characteristic  of  the  man,  and  the  plans 
presented  are  in  their  general  outline  those  upon  which  the  new  Croton 
Aqueduct  is  now  in  progress  of  construction. 

His  services  to  the  city  of  his  birth  in  the  professional  ability 
brought  to  this  work,  and  the  deep  personal  devotion  given  to  it  by  him, 
will  always  be  a  part  of  the  history  of  this  metropolis.  His  close  atten- 
tion to  and  thorough  absorption  in  these  studies  doubtless  undermined 
his  health  and  shortened  a  useful   life. 

Mr.  Newton  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers,  March  3,  1880. 
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THEOPHILUS  E.  SICKELS,  M.  Am.  Soc.  C.  E. 


Died  February  4th,  1885. 


Theophilus  E.  Sick  els  was  a  son  of  Dr.  John  Sickels,  an  old  New 
York  citizen,  member  of  the  Cholera  Commission  of  that  city  during 
1828  and  1832,  and  afterwards  Medical  Inspector  of  the  city  ;  an  ardent 
politician,  an  original  thinker,  and  a  man  of  large  reading  and  marked 
ability.  Mr.  Sickels  received  an  academical  education,  and,  like  his 
father,  was  a  classical  scholar,  although  particularly  excelling  in  mathe- 
matics and  physical  science. 

He  entered  his  profession  in  1839,  at  the  age  of  seventeen,  as  an 
assistant  in  the  construction  of  the  Croton  Aqueduct,  under  Mr.  John 
B.  Jervis,  Hon.  M.  Am.  Soc.  C.  E.  Subsequently  he  was  engaged  upon 
the  Erie  Railway;  upon  the  enlargement  of  the  Erie  Canal;  and  upon 
the  Bear  Mountain  Railway.  From  1848  to  1850  he  was  a  resident  en- 
gineer upon  the  Boston  Water-works.  He  was  also  engaged  upon  the 
construction  of  the  United  States  Dry  Dock  at  Brooklyn,  and  in  1852 
was  the  chief  engineer  of  the  Philadelphia  and  West  Chester  Railroad. 
From  1855  to  1857,  he  was  the  chief  engineer  of  the  Philadelphia  and 
Baltimore  Central  Railroad  ;  1857  to  1860,  chief  engineer  and  general 
superintendent  of  the  Hannibal  and  St.  Joseph  Railroad.  Subsequently 
he  was  engaged  upon  the  construction  of  the  bridge  over  the  Harlem 
River  at  Third  avenue,  New  York.  In  1868  he  became  the  chief  en- 
gineer and  general  superintendent  of  the  Union  Pacific  Railway,  re- 
signing that  office  in  1874,  but  retaining  so  greatly  the  confidence  of  the 
management,  that  he  held  the  position  of  its  consulting  engineer  at  the 
time  of  his  death. 

In  1874  he  was  designated  by  the  President,  General  Grant,  as  his 
personal  choice,  as  one  of  the  commission  of  seven  engineers  to  con- 
sider and  recommend  to  Congress  the  proper  method  for  securing  an 
open  mouth  to  the  Mississippi  River.  In  the  performance  of  this  duty 
Mr.  Sickels  visited  Europe,  and  joined  in  the  report  upon  which  the 
action  of  Congress  was  based,  resulting  in  the  notable  improvement  of 
the  South  Pass.    Mr.  Sickels  was  an  earnest  advocate  of  the  jetty  system. 

In  1876,  Mr.  Sickels  was  one  of  the  judges  of  the  Centennial  Exposi- 
tion in  Philadelphia,  and  in  1878  was  the  representative  of  the  American 
Society  of  Civil  Engineers  at  the  Paris  Exposition.  He  was  afterwards 
connected  as  chief  or  consulting  engineer  with  various  enterprises  in 
different  parts  of  the  United  States,  and  at  the  time  of  his  death  was 
the  consulting  engineer  of  the  South  Pennsylvania  Railroad.     In  an  in- 
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spection  of  one  of  the  tunnels  in  course  of  construction  on  that  road,  he 
inhaled  the  fumes  from  an  explosion,  from  the  effects  of  which  he  never 
recovered. 

Mr.  Siekels  built  the  Omaha  bridge  of  the  Union  Pacific  Railway, 
one  of  the  earliest  constructions  with  iron  tubular  ]>iers.  He  was  at 
the  time  of  his  death  constructing  a  bridge  over  the  Arkansas  at  Little 
Rock. 

Mr.  Siekels'  large  experience  in  the  United  States  was  supplemented 
by  frequent  visits  abroad.  His  wide  and  accurate  professional  knowl- 
edge, his  cultivated  judgment,  and  the  great  personal  purity  of  his 
character,  made  him  the  adviser  and  trusted  counselor  of  many  of  the 
men  who  have  had  to  do  with  the  great  undertakings  in  public  works  in 
the  United  States  for  many  years  past.  Although  constantly  connected 
with  active  and  important  engineering  works,  Mr.  Siekels'  manners 
were  very  modest  and  unpretending,  and  only  wThen  he  became  ardent 
in  the  discussion  of  professional  topics,  would  one  appreciate  the  range 
of  his  knowledge  and  his  power  of  concise  and  luminous  expression. 
Mr.  Siekels'  home  was  at  Kennett  Square,  Chester  County,  Pennsyl- 
vania, where  he  had  a  delightful  residence.  He  retained,  however,  his 
professional  office  in  New  York  up  to  his  decease.  He  was  a  widower, 
and  leaves  but  one  daughter. 

Mr.  Siekels  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers,  February  21st,  1872. 
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DANIEL  L.  WELLS,  F.  AM.  SOC.  C.  E. 

Died  November  24th,   1884. 


Daniel  L.  Wells  was  born  in  Middlebury,  Vt,  July  21st,  1821.  He 
spent  his  boyhood  days  at  Middlebury.  About  1849  he  was  engaged  in 
office  work  and  as  accountant  by  T.  F.  Strong,  of  Fond  du  Lac.  Mr. 
Strong  was  the  contractor  for  building  the  eastern  division  of  the  Rut- 
land and  Burlington  Railroad  of  Vermont,  when  Mr.  Wells  went  to 
work  for  him,  and  it  was  in  his  office  that  the  latter  commenced  his  life 
work  in  connection  with  railroad  construction.  In  1851-52  Mr.  Wells 
managed  the  books  and  accounts  and  disbursed  the  funds  of  Eastman. 
Page  &  Co.,  who  built  the  Rutland  and  Washington  Railroad  in  Ver- 
mont and  New  York.  He  next  went  to  Canada,  where  he  became 
interested  as  junior  partner  in  building  quite  an  important  section  of  a 
new  railroad.  Thence  he  went  to  Cincinnati,  ().,  where  he  did  work  on 
the  Ohio  and  Mississippi  Railroad.  In  1856  he  became  associated  as 
junior  partner  with  Selah  Chamberlain  in  constructing  the  line  of  the 
old  La  Crosse  and  Milwaukee  Railroad  from  Minnesota  Junction  to  La 
Crosse.  This  job  was  pushed  to  completion  with  great  energy.  In 
1859  the  firm  of  Wells  &  French  constructed  the  Chicago  and  North- 
western Railway  from  Janesville  to  Fort  Howard.  The  spirit  and 
energy  displayed  by  the  firm  in  this  undertaking  placed  it  so  promi- 
nently before  the  railroad  interests  in  the  Northwest,  at  a  time  when  the 
work  of  building  the  numerous  lines  of  railroad  which  now  intersect 
the  country  was  being  fairly  commenced,  that  it  was  steadily  engaged 
in  railroad  construction  in  the  States  of  Illinois,  Wisconsin,  Minnesota. 
Iowa.  Missouri,  Kansas  and  Michigan  until  the  death  of  Mr.  French  in 
1880.  Since  then  Messrs.  Wells,  Harrison  &  Shute,  and — succeeding  the 
death  of  Mr.  Shute— Messrs.  Wells,  Harrison  &  Greene  have  continued 
an  active  and  honorable  career  as  railroad  contractors  and  bnilders. 
About  the  year  1862,  Mr.  Wells  became  the  junior  partner  of  the  firm  of 
Chapin  &  Wells,  bridge  and  car-builders,  Chicago.  Within  two  years 
thereafter,  Mr.  Chapin  disposed  of  his  interest  to  Wells  &  French,  who 
in  turn  were  succeeded  by  the  Wells  and  French  Manufacturing  Com- 
pany, which  became,  and  still  is,  one  of  the  most  prominent  and  largest 
bridge  and  car-building  concerns  in  the  West. 

Mr.  Wells  was  a  resident  of  Milwaukee,  Wis.,  and  for  many  years 
was  one  of  its  most  active  citizens,  interested  in  and  connected  with  the 
great  development  of  that  prosperous  city. 
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rears  of  attention  to  heavy  business  demands  finally  told  upon  an 
exceptionally  strong  constitution,  which  was  constantly  inured  to  work 
1>\  a  life  of  simple  and  unostentatious  habits,  and  for  five  years  last 
past,  organic  disease  of  the  heart  was  fully  developed.    Thenceforward 

Mx.  Wells  dismissed  all  details  of  business,  and  maintained  an  equa- 
nimity of  mind  remarkable  when  linked  with  sueh  a  keen  relish  for  bus- 
iness as  Mr.  Wells  possessed.  He  continued,  however,  to  cheerfully 
give  advice  and  render  judgment  in  regard  to  Ids  varied  and  weighty 
interests,  his  counsel  being  continually  sought  by  Ins  associates.  He 
would  not  allow  such  demands  upon  him,  however  perplexing  they 
might  be,  to  annoy  him.  Under  the  influence  of  a  strong  will,  bent  in 
this  direction,  his  character  broadened  and  revealed  the  true  man. 
Favored  with  a  generous  competence  of  wordly  goods,  lie  learned  the 
blessedness  of  giving,  and  in  later  years  his  charities,  though  unosten- 
tatious, were  numerous  and  bountiful.  His  business  lite  has  been  un- 
impeachable. No  promise  he  made  was  ever  allowed  to  go  unfulfilled. 
His  social  life  was  equally  bright,  as  the  many  friends  of  himself  and 
family  fully  attest.  He  was  a  man  of  dee})  religious  convictions,  and 
was  very  constant,  honest  and  unobtrusive  in  the  discharge  of  those 
duties  which  fall  upon  a  God-fearing  man. 

In  1852,  at  Granville,  Washington  County,  N.  Y.,  he  married  Miss 
Helena  M.  Lee.-  His  widow  and  two  daughters.  Alice  M.  and  Katharine 
life  Wells,  survive  him. 

Mr.  Wells  became  a  Fellow  of  the  American  Society  of  Civil  Engi- 
neers, June  13th,  1883. 
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ADDITIONS  TO 

LIBRARY    AND     MUSEUM. 


From    Argentine    Scientific     Society, 
Ponciano  Lopez,  Secretary,   Buonos 
Avres : 
Annale.s.  Vol.  XVIII,  No.  5. 
Memoria  sobre  Ferro-Carriles  Nacionales  y 
estado  de  valous  al  30  de   Junio  de  1883. 
Tonio  1  and  2. 
Annuaire    Statistique    de    la     Province    de 

Buenos  Ayres. 
Memoria  del  Ferro-Carril  Andino  por  el  ano 

de  1883. 
Nueva  Expedicion  a  las  Tierras  y  Mares 
Australes  bajo  el  Mando  de  Capitan  Bove 
El  Terrltorio  de  las  Misiones  por  Ramon 
Lista. 
Informes  Preliminares  presentados  A.  S.  S. 
E.  E.  los  Ministros  del  interior  y  de  gnerra 
y  Marina  de  la  Republica  Argentina  por 
Giacomo  Bove  jefe  de  la  Comision  Cienti- 
Jica  de  la  expedicion  y  publicados  bajo 
la  direccion  del  Instituto  Geografico  Ar- 
gentino  precedidos  de  una  introduccion  y 
de  otros  documeutos  relativos  a  la  expedi- 
cion Austral  Argentina. 

From   American   Institute  of  Mining 

Engineers,    Dr.    R.     W.     Raymond, 

Secretary,  New  York : 

The  Siemens  Patents  for  Improvements  in 

Furnaces,  with  Suggestions  for  their  use 

with  Natural  Gas.     B.  Silliman. 

Note  on  an  Occurrence  of  Nickel  and  Cobalt 

in  Nevada.    A.  D.  Hodges,  Jr. 
Tin  Ore  Veius  in  the  Black  Hills  of  Dakota. 

William  P.  Blake. 
The  Cost  of  Mining  and   Milling  Gold  Ores 

in  Nova  Scotia.    Willard  Ide  Pierce. 
A  New  System  of  Ore    Sampling.      D.  W. 

Brunton. 
The  Patience  of  Copper  and  Silver  as  Af- 
fected by  Annealing.    Henry  M.  Howe. 
A    Combined   Vacuum    Pump    and   Table- 
Blowpipe.     AV.  F.  Durfee. 
The  Estimation  of  Phosphorus  in  Iron  and 
Steel    (Supplementary  Note).     Byron  W. 
Cheever. 
Experiments   with   a    Straight   or    No  Bosh 

Blast  Furnace.    W.  J.  Taylor. 
The  Iron  Mines  of  Putnam  County,  N.  Y. 

Arthur  F.  Wendt. 
Notes   on  Coal  Dust  in  Colliery  Explosions. 

E.  S.  Hutchinson. 
Quicksilver    Reduction    at  New    Almaden. 

Samuel  B.  Christy. 
Geology  and  Mineral  Resources  of  the  Rio 
Grande  Region  in  Texas  and  Coahuila.     E. 
J.  Schmitz. 
The  Electrical  Activity  of  Ore  Bodies.     Carl 

Barns,  Ph.  D. 
The    Improved    Langen    Charger.        Frank 

Firmstone. 
The  Iron  Ore  Range  of  the  Santiago  District 

of  Cuba.    James  P.  Kimball. 
Note  on  a  Fire  Bulkhead.     Chas.  M.  Rolker. 
Notes  on  the    Treatment  of  Nickel-Cobalt 
Mattes  at  Mine  La  Motte.   James  W.  Neill, 
E.  M. 
The  Deep  River  Coal  Field  of  North  Carolina. 
Dr.  H.  M.  Chance. 


Hadfield's  Patent  Manganese  Steel.      Joseph 

D.  Weeks. 
A  New  Rock  Drill  without  Cushions.    A.  C. 

Rand. 
American  Mining  Machinery  in  Mexico  and 

Central  America. 
Progress  of  the  Manufacture  of  Soda  by  the 
Ammonia-Soda  Process.      Oswald  J  Hein- 
rich. 

From  Horatio  Allen,  South  Orange,  N. 
J.: 
The  Railroad  Era.    First  five  years  of  its  de- 
velopment.     Horatio  Allen.      (Copies  for 
distribution.) 

From  The  American  Engineer,  Chicago, 
111.: 
Steam    Making    or   Boiler   Practice,     Prof. 
Charles  A.  Smith. 

From  Hon.  W.  H.  Armstrong,  Commis- 
sioner of  Railroads,  Washington,  D. 
O: 
Annual  Report  of  the  Commissioner  of  Rail- 
roads made  to  the  Secretary  of  the  Interior 
for  the  year  ending  June  30,  1884. 

From  Chas.   A.   Ashburner,    Philadel- 
phia, Pa. : 
Brief   Description  of    the  Anthracite  Coal- 
fields of  Pennsylvania.    Charles  A.   Ash- 
burner. 
Sketch  of  the  Geology  of  Carbon  County, 
Pennsylvania.     Charles  A.  Ashburner. 

From   Association  of  Engineering  So- 
cieties, H.  G.  Prout,  Secretary,  New 
York: 
Transactions,  Vol.  IV,  No.  3,  January,  1885. 

From  John  W,  Bacon,  Danbury,  Conn.: 
Thirty-second  Annual  Report  of  the  Railroad 
Commissioners  of  the  State  of  Connecti- 
cut for  the  year  1884. 

From  Lieut.  T.  N.  Bailey,  Charleston, 
S.  C. : 
Letter  of  Gen.  Q.  A.  Gillmore,  U.  S.  Engineer, 
U.  S.  A.,  on  the  Jetties  in  Charleston  Har- 
bor. 

From  Gen.  S.  V.  Benet,  Chief  of  Ord- 
nance, U.  S.  A.,  Washington,  D.  C. : 
Annual  Report  of  the  Chief  of  Ordnance  for 
1884. 

From  Board  of  Commissioners  Second 
Geological  Survey  of  Pennsylvania, 
Harrisburg,  Penn. : 
Annual  Report  of  the  Board,  January  1,  1885. 
From  the  Board  of  Harbor  and  Land 
Commissioners,  Boston,  Mass. : 
Annual  Report  of  the  Harbor  and  Land  Com- 
missioners for  the  year  1884. 

From  Board  of  Railroad  Commission- 
ers,  Wm.    A.  Craft,   Clerk,    Boston, 
Mass . : 
Sixteenth   Annual  Report   of   the  Board  of 
Railroad  Commissioners,  January,  1885. 
From  James  P.   Bogart,  New  Haven 
Conn. : 
Fourth  Report  of    the   Shell-fish    Commis- 
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sioners  of  the  State  of  Connecticut  to  the 
Oeneral  Assembly,  January,  1885. 

From    John    Bogart,    Seer.    Am.    Soc. 
C.  E.,  New  York: 
Annual  Report  of  the   Ottawa   Water-works 
Committee   for  the  year  ending  31st  Octo- 
ber, 1884,  with  Official  Reports. 

From  A.  J.  Bowie,  San  Francisco,  Cal.: 
The  Destruction  of  the  English  Dam. 
Transactions  of  the  Technical  Society  of  the 
Pacific  Coast  for  June,  1884. 

From  Fred.  W.  Brearey,  London,  Eng- 
land : 
Pamphlet  on  the  relation  of  the  Aeronautical 
Society  of  Great   Britain  with    respect  to 
Aeronautics. 

From  Fred.  Brooks,  Boston,  Mass  : 
Two    Photographs  of   the   Mexican   Central 
Railway  Viaduct  near  town  of  Encarnacion, 
Jalisco,  erected  1884. 
Mexican  Central  Railway,  passing  obliquely 
under  aqueduct. 

From  Bureau  of  Education,  Washing- 
ton, D.  C: 
Circulars  of  Information  of  the  Bureau   of 

Education,  Nos  6  and  7,  1884. 
Buildings  for  the  Children  in  the  South. 

From  James  A.  Burden,  Troy,  New- 
York  : 
Copies  answering  Affidavits,  Supreme  Court, 
Rensselaer  County.  Isaiah  Townsend  Bur- 
den against  James  N.  Burden,  JohnL.  Arts, 
William  Irvin,  Richard  Irving  and  the 
Burden  Iron  Company. 

From  chi.f  Signal  Office,  U.  S.  Army, 
Washington,  D.  C  : 
\unual  Report  of  the  Chief  Signal  Officer  to 
the  Secretary  of  War  for  the  year  1883. 
From  Major  H.    W.  Clarke,   Syracuse, 
N.  V. : 
Proceedings  of  the  Board  of    City  Auditors 
of  the  City  of  Syracuse  for  the  Fiscal  Year 
1884. 

From  Gen.  C.  B.   Comstock,  Corps  of 
Engineers,  r.  S.  A..  New  York  ; 
Map  of  Survey  and  Report  upon  the  Work  of 
pening    Gedney's    Channel     through 
Sandy  Hook  Bar,  New  York;  also  indorsing 
a  Report  from  the  Board  of  Fortifications 
upon  a  plan  for  the   permanent  improve- 
ment    of     the     entrance     to     New    York 
Harbor. 

From  E.  L.  Corthell,  New  York  : 
The  Tehuantepec  Ship  Railway:  its  Practica- 
bility and    Commercial    Features.      (From 
The  Mexican  Financier,  December,  1884.) 
From  J.  -lames  11.  Crocs.  New  York  : 
Pamphlet    of  the  Suburban   Rapid    Transit 
Company,  containing  Contract    for  Con- 
struction of  Elevated  Iron  Structure  north 
of  the    Harlem   liner,  designed  by  Theo- 
dore Cooper,  Consulting  Engineer. 

From  E.  B.  Dorsey,  London,  England: 
Catalogues  Of  the  American  Exhibition,  Lon- 
don. 1886. 
Laxtou's  Price  Book  for  Architects,  Builders, 
Engineers  and  Contractors,  1885. 

From  Capt.  James  B.  Eads,  New  York: 
Steel  Engravings  of  the  Interoceauic  Ship 
Railway,  as  follows: 

(1.)  Sectional  elevation  of  Pontoon   and 
Railway  Cradle. 


(2.)  The  Lifting  Pontoon    and   Railwav 

Cradle. 
(3.)  Hlustrations  of  the  Turn-table. 
(4.)  The  Floating  Turn-table. 
(5.)  A  Steamer  in  Transit. 
From  M.  Eissler,  New  York  : 
Ten  Photographs  on  the  Isthmus  of  Panama. 
From   Messrs.    Eppinger   and  Russell, 
New  York  : 
New  York:  its  Leading  Merchants  and  Manu- 
facturers. 

From  Walton  W.  Evans,  New  York  : 
A  Letter  to  the  Chief  of  the  Bureau  of  Statis- 
tics of  the  United  States. 
Chapters  on  Locomotives  and  Iron  Bridges, 
from  a  Letter  to  the  Chief  of  the  Bureau  of 
Statistics  of  the  United  States. 

From  John  T.  Fanning.   Manchester, 
N.H  : 
Report  No  2  on  a  Water  Supply  for  New  York 
and  other  Cities  of  the  Hudson  Valley. 
From     Sandford      Fleming.      Ottawa. 
Canada: 
Descriptive    Sketch   of   the    Physical   Geog- 
raphy  and  Geology   of  the   Dominion    of 
Canada:  also  Two  Maps  of  the   Dominion 
of    Canada,    Geologically    Colored,     from 
Surveys  made  bv   the   Geological    Corps, 
1842  to  1882. 

From  Franklin  Institute,  Philadelphia, 
Pa.: 
Report  of  Examiners  of  Section  XVIII.  Un- 
derground   Conduits.    International  Elec- 
trical Exhibition,  1884. 
Subject  Catalogue  of  the  Mem  rial  Library 
of  the  International  Electrical  Exhibition 
held  under  the  auspices   of  the  Franklin 
Institute,  September  and  October,  1884. 
From    Capt.   F.    V.   Greene.   Corps    of 
Engineers,    U.    S     A.,    Washington, 
D.C.: 
Annual  Report  of  the  Operations  of  the  En- 
gineers'  Department  of  the  District  of  Co- 
lumbia for  the  year  ending  June  30,  1884 
From  Henry  G.  Hawks,  State  Mineral- 
ogist of  California: 
Fourth  Annual  Report  of  the  State  Mineral- 
ogist of  California  for  the  year  ending  Mav 
5,  1884. 

From      Prof.      Dr.      Hauck,      Berlin, 

Prussia: 

Festschrift    der    Koniglichen    Teehnischen 

Hochschule  zu  Berlin  Zur  Feier  der  Ein- 

weihung  ihres  Neuen  Gebaudes,  Nov.    2, 

1884. 

From  Maj.  D.  P.  Heap.  Corps  of  Engi- 
neers, U.  S.  A.,  Washington,  D.C.: 
Annual  Report  of  the  Light-house  Board   to 
the  Secretary  of  the  Treasury  for  the  fiscal 
year  ended  June  30.  1884. 

From     Clemens     Hcrschel,     Holyoke, 
Mass. : 
On  the  River  and  Harbor  Bills  ot  the  United 
states  Congress. 

From  N.  H.  Hutton,  Engineer  Harbor 

Board,  Baltimore,  Md.: 

The  Annual  Report  of  the  Harbor  Board    to 

the  Mayor  and  City  Council   of  Baltimore 

for  the  fiscal  year  ending  December  31st, 

1884. 

From  F.  R.  Hutton,  Secretary  of  the 
American  Society  of  Mechanical  En- 
gineers, New  York  : 
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List  of  Officers,  Members,  and  Rules  of 
the  American  Society  of  Mechanical  En- 
gineers, January  1st,  1885. 

From  Wm.  A.  Ingham,  Secretary  Board 
of  Commissioners  Second  Geological 
Survey  of  Pennsylvania  : 
Grand  Atlas.   Div.  I.  Pt.  1. 
Report  on  the  Coal  Mines  of  the  Monongahela 
River  Region. 

From  Institution  of  Civil  Engineers. 
James  Forrest,  Secretary,  London  : 
Abstracts  of  Papers  in  Foreign  Transactions 

and  Periodicals. 
The  Results  of   some  Independent  Engine 

Tests.    John  George  Mair. 
The  Steam  Engine.     Edward  Alfred  Cowper. 
Minutes  of  Proceedings.   Name  Index,  Vols. 
I  to  LVIII,  Sessions  1837  to  1878-79. 

From  Iron  and  Steel  Institute,   J.  S. 
Jeans,  Secretary,  London  : 
The  Journal  of  the  Iron  and  Steel  Institute, 
No.  2, 1884. 

From  William  P.  Judson,  C.  E.,  Oswe- 
go, N.  Y.: 
The  Water  Supply  of  Burlington,  Vermont, 
for  the  year  1884. 

From  Messrs.  Kanters  Sons,  Buffalo. 

N.  Y.: 

Hydraulic   Engineering    after    the    Holland 

Method,  for  the  Construction  of  Harbors, 

Breakwaters,    Jetties,     Shore    Protection, 

Dams,  Cribs,  Levees,  etc.,  etc. 

From  J.  Francis   Le  Baron,  Jackson- 
ville, Fla.: 
Webb's  Historical,  Industrial  and  Biograph- 
ical Florida.    Part  I.    Illustrated. 

From  Louis  Lesage,  Montreal,  Canada: 
Annual  Reports  of  Montreal,  Canada,  for  the 
civic  year  1883. 

From  Liverpool  Engineering   Society, 
Thos.  L.  Miller,  Secretary,  England: 
Transactions.      Volumes  I  to  V  inclusive, 
1881  to  1885. 

From  Messrs.  Luckhardt  &  Alten,  Cas- 
sel,  Germany: 
An  Account  of  Hohmann  Coradi's  Precision 
Planimeters,  with  Directions  for  Use.     G. 
Coradi.    Zurich. 

From  H.  C.  Mais,  Adelaide,  South  Aus- 
tralia: 
A  Photograph  of  Isometrical  Projection   of 
Great  Western  Railway  Locomotive  "Iron 
Duke." 

From  T.  C.  Martin,  Acting  Secretary 
American  Institute  of  Electrical  En- 
gineers, New  York: 
Transactions.    Vol.  I.     May  to  October,  1884. 
From    Niles     Meriwether,     Memphis, 
Tenn.: 
Biennial  Report  of  the  President  of  Fire  and 
Police  Commissioners  of  the  Taxing  Dis- 
trict of  Shelby  County,  Tenn.      December 
1,  1884. 

From   Mining  Institute   of   Scotland. 
James  Barrowman,  Secretary,  Ham- 
ilton: 
Transactions.    Vol.  VI,  Part  8. 

From  Military  Service  Institution  of 
the  United  States,  Governor's  Island, 
N.  Y.: 
Proceedings.    Vols.  V  and  VI,  Nos.  20  and  21. 

From  Robert  Moore,  St.  Louis,  Mo.: 
Tin    Sanitary  Condition  of  St.  Louis,  with 


Special  Reference  to  Asiatic  Cholera.  Rob- 
ert Moore,  C.  E. 

From  Gen.  John  Newton,  Chief  of  En- 
gineers, U.  S.  A.,  Washington,  D.  C; 

Papers  with  reference  to  the  Channel  at  the 
South  Pass  of  the  Mississippi  River. 

Reports,  maps  and  papers  relating  to  the 
construction  of  a  Harbor  of  Refuge  at 
Sandy  Bay,  Massachusetts. 

Report  of  the  Chief  of  Engineers  in  Relation 
to  the  Results  of  a  Survey  of  Agate  and 
Burlington  Bays,  Minnesota. 

Reports  from  the  Chief  of  Engineers  of  a 
Survey  and  Preliminary  Examination  of 
Lawrencebury  Harbor,  Indiana. 

Reports  from  the  Chief  of  Engineers  of  a 
Survey  and  Preliminary  Examination  of 
Gloucester  Harbor,  Massachusetts. 

Report  from  the  Chief  of  Engineers  of  a 
Preliminary  Examination  of  Louis  River, 
Washington  Territory. 

Report  from  the  Chief  of  Engineers  of  a 
Preliminary  Examination  of  Willapah 
River,  Washington  Territory. 

Report  from  the  Chief  of  Engineers  of  a 
Preliminary  Examination  of  Puyallup 
River,  Washington  Territory. 

Report  from  the  Chief  of  Engineers  of  an 
Examination  of  Cceur  d'Alene  Lake  and 
River,  and  of  St.  Joseph's  River,  Idaho. 

Report  from  the  Chief  of  Engineers  of  a 
Survey  of  Powow  River,  Massachusetts. 

Report  from  the  Chief  of  Engineers  of  a 
Survey  of  the  Mississippi  River  near  Gut- 
tenberg,  Iowa. 

Report  from  the  Chief  of  Engineers  of  a 
Survey  of  Pawcatuck  River,  Rhode  Island. 

Report  from  the  Chief  of  Engineers  of  a 
Survey  of  Pocomoke  River,  Maryland. 

Report  from  the  Chief  of  Engineers  of  an 
Examination  of  Skimpton  Creek,  Mary- 
land. 

Report  from  the  Chief  of  Engineers  of  a 
Survey  of  Huntington  Harbor,  Long  Island 
Sound,  New  York. 

Reports  from  the  Chief  of  Engineers  of  a 
Survey  and  Examination  of  St.  Louis  River 
and  Bay,  Wisconsin  and  Minnesota. 

Reports  from  the  Chief  of  Engineers  of  Sur- 
vey and  Examination  of  Fort  Point  Chan- 
nel, Boston  Harbor,  Massachusetts. 
Advertisements,  instructions  for  bidders 
and  specifications,  as  follows: 

Proposals  for  the  Iron-work  in  the  Founda- 
tion of  Dam  No.  6  of  the  Great  Kanawha 
River  Improvement 

Constructing  Wharves  in  the  Harbor  of 
Refuge  at  Wood's  Holl,  Massachusetts. 

Improving  Harbor  at  Dunkirk,  N.  Y. 

Improving  Harbor  at  Sabine  Pass,  Texas. 

Ice  Piers  at  Point  Pleasant,  W.  Va. 

For  Finishing  Lock  No.  2,  Great  Kanawha 
River,  W.  Va. 

Improving  Mouth  of  the  Columbia  River, 
Oregon  and  W.  T. 

For  Deepening  Gedney's  Chaunel  across  the 
Bar  at  the  entrance  to  New  York  Harbor. 

For  Furnishing  Material  and  Building  Five 
Square  Decked  Barges. 

Improvement  of  Tampa  Bay,  Florida. 

Improvement  of  Apalachicola  Bay,  Florida. 

Improving  Edenton  Bay,  N.  C. 

For  Repairs  needed  to  United  States  Tow 
Boat  No.  5,  Steamer  Coal  Bluff. 

Improvement  of  Harbor  at  Charleston,  S.  0. 

Improving  St.  Jones'  River,  Delaware. 

Improvement  of  Rappahannock    River,  Va. 
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Letter  of  chief  of  Engineers,  inclosing  copy 
of  Report  of  Col.  A.  F.  Rockwell,  D.  8.  A., 
in  Relation  to  a  System  of  Telegraph  and 
Telephone  Service  in  Washington. 

Report  of  the  "Armament  Board  "  upon  the 
various  kinds  of  Ordnance  for  the  Service. 

Report  from  the  Chief  of  Engineers  of  a 
Preliminary  Survey  and  Examinations  of 
Red  River  above  Fulton,  of  Eittle  Red 
Ri\er,  and  of  Petit  Jean  River,  Arkansas. 

Report  of  Major  Benyaurd,  Corps  of  Engi- 
neers, Relative  to  Changes  in  the  Shore 
Line  of  the  Harbor  of  Calumet.  111. 

Letter  from  Hon.  William  WT.  Corcoran,  trans 
mitting  the  Annual  Report  of  the  Wash- 
ington  Monument  Commission. 

Report  of  the  Chief  of  Engineers  Relative  to 
the  Use  of  the  Appropriation  for  the  Im- 
provement of  Hell  Crate,  New  York  Harbor. 

Report  of  the  Chief  of  Engineers  in  Regard 
to  the  Condition  of  the  Falls  of  St.  An- 
thony. 

Report  of  the  Engineers  Concerning  the 
Portage  Lake  and  Lake  Superior  Ship 
Canal. 

Report  on  "A  Bill  to  Provide  for  the  Im- 
provement of  the  Channel  between  Galves- 
ton Harbor  and  the  Gulf  of  Mexico." 

Annual  Report  upon  Building  Monument  at 
Yorktown,  Va.,  for  the  year  1884,  by  Win. 
P.  Craighill,  Lieutenant-Colonel  of  Engi- 
neers, U.  S.  A. 

Report  regarding  the  damage  done  the  United 
States  Breakwater  in  Oswego  Harbor  by 
the  recent  gale. 

Annual  Report  of  the  Mississippi  River  Com- 
mission. 

Report  of  the  Chief  of  Engineers,  with  accom- 
panying papers  and  reports  from  officers 
in  charge  of  River  and  Harbor  Districts. 

Report  of  the  Chief  of  Engineers  regarding  the 
work  done  upon  the  Buckhannon  River, 
West  Virginia. 

The  Annual  Report  of  the  Missouri  River 
Commission. 

Report  of  Board  of  Engineers  iu  regard  to 
examinations  at  Pittsburgh,  Pa.,  of  models, 
plans,  etc.,  for  Movable  Dams  and  other 
River  Improvements  at  Pittsburgh,  Pa. 

Report  of  Engineers,  showing  the  necessity 
for  the  Enlargement  of  the  Basin  at  Block 
Island,  Rhode  Island. 

Report  from  Liet.-Col.  H.  M.  Roberts,  Corps 
of  Engineers,  of  results  of  survey  of  the 
Mouth  of  the  Sarauac  River,  Plattsburgh, 
N.  Y. 

Report  of  Board  of  Engineers  of  a  prelim- 
inary survey  for  a  Harbor  of  Refuge  at 
Lndington,  Mich. 

Report  of  the  Chief  of  Engineers  on  prelim 
inary  examination  of  Little  Harbor  at 
Portsmouth,  N.  H. 

Report  of  the  Chief  of  Engineers  of  prelim- 
inary examination  of  Whipple  Creek  in 
Quincy  Bay.  Illinois. 

Report  of  the  Chief  of  Kngineers  on  Surveys 
of  Lac  la  Belle  Harbor.  Michigan,  and  Ash- 
land Harbor,  Wisconsin. 

Report  of  the  Chief  of  Engineers  in  relation 
to  the  results  of  a  survey  of  the  Harbor  at 
Hyannis,  Mass. 

Report  of  the  Chief  of  Engineers  in  relation 
to  the  results  of  a  preliminary  examination 
•  t  Pasquotank  River.  North  Carolina. 

Report  of  the  Chief  of  Engineers  in  relation 
to  a  preliminary  examination  of  the  out- 
lets of  Bout"  River,  Louisiana 


Report  of  the  Chief  of  Engineers  concerning 
the  inefficiency  of  the  lockage  of  the  Sault 
Saint  Mary  Canal. 

Report  from  the  Chief  of  Engineers  in  rela- 
tion to  the  results  of  a  survey  from  Chinco- 
teague  Bay,  in  Virginia,  to  Delaware  Bay, 
at  or  near  Lewes,  Del. 

Official  Army  Register  for  January,  1885. 

Report  of  the  Gun  Foundry  Board,  with  sup- 
plement, for  1884. 

Report  of  preliminary  examination  of  Natal- 
bany  River,  Louisiana,  with  estimate  of 
cost  of  the  improvement. 

Report  from  Capt.  Erie  Bergland,  Corps  of 
Kngineers.  of  a  preliminary  examination 
of  Deer  Creek,  Mississippi. 

Report  from  the  Chief  of  Engineers  of  a  sur- 
vey of  Warren  River,  Rhode  Island,  made 
with  a  view  to  removal  of  obstructions 
from  its  Channel. 

A  report  from  the  Chief  of  Engineers  of  a  sur- 
vey and  preliminary  examination  of  Sal- 
mon River  at  and  below  Fort  Covington, 
N.  Y. 

Reports  from  the  Chief  of  Engineers  of  a 
survey  and  preliminary  examination  of 
Hinghane  Harbor,  Massachusetts. 

A  report  from  the  Chief  of  Engineers,  with 
accompanying  papers,  relative  to  the  im- 
provement of  Harbor  at  Cleveland,  Ohio. 

Reports  from  the  Chief  of  Engineers  of  a 
survey  and  preliminary  examination  of 
Whitehall  Harbor,  New  York 

Reports  from  the  Chief  of  Engineers  of  a  sur- 
vey and  preliminary  examination  of  Mobile 
River  and  Harbor. 

From  Hon.  Joseph  Nimmo,  Jr.,  Chief 
of  Bureau  of  Statistics,  Washington, 
D.  C: 
Railroad  Federations  and  the  relation  of  the 

Railroads  to  Commerce. 
Report  of  the  Chief  of  the  Bureau  of  Statis- 
tics in  regard  to  the  Foreign  Commence  of 
the  United  Slates  for  the  year  1884. 

From  Charles  Paine,  Cleveland,  Ohio: 
Annual  Report  of  the  Commissioner  of  Rail- 
roads and  Telegraphs  of  Ohio   for  the  year 
ending  June  30th,  1880-81. 

From  E.  Pontzen,  Paris,  France: 
Die  Grosse  Sieben burger  Drahtseilbahn. 
Etude  pour  les  nouvelles  Installations  Mari- 
times   et  l'Achevemeut   des  Digues  de  la 
Seine.     H.  Herceut 
Colone  Soleil  project  de  Phanelectrique  pour 
la  Ville  de  Paris. 

From  Charles  Ward  Ravmond,  Brook- 
lyn, N.  Y.: 
The  Electrician  and   Electrical  Engineer,  con- 
taining article  on   the  "  Ball  Unipolar  In- 
ductor Dynamo."     Chas.  Ward  Raymond, 
Jun.  Am.  Soc.  C.  E. 

From  the  Riga  Technical  Society,  Riga. 
Russia  : 
Rigasche  Industrie  Zeitung   for  1876  to  188:$, 
inclusive. 

Prom  Frederic  H.  Robinson,  Wilming- 
ton, Del.: 
Fourteenth  Annual  Report  of  the  Chief  Engi- 
neer of  the  City  of  Wilmington.  Delaware, 
for  the  year  1884. 

From  John  A.  Russell,  Clerk   Board  of 
Supervisors,  San  Francisco,  Cah: 
San    Francisco   Municipal    Reports    for   the 
fiscal  sear   1883-84. 
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From  Hon.  H.  Sabine,  Commissioner  of 
Railroads,  Columbus,  Ohio: 
Annual  Report  of  the  Commissioner  of  Rail- 
roads and  Telegraphs  of  Ohio   for  the  year 
ending  June  30,  1882-83. 

From  Collingwood   Schreiber,  Ottawa, 
Canada: 

Diagram  illustrating  progress  made  with  the 
Works  of  Construction  of  the  Canadian 
Pacific  Railway  up  to  31st  of  January, 
1885. 

Annual  Report  of  the  Minister  of  Railways 
and  Canals  of  the  Dominion  of  Canada  for 
the  past  fiscal  year,  from  1st  July,  1883,  to 
30th  of  June,  1884. 

From  Capt.  Clinton  B.  Sears,  Corps  of 
Engineers.  U.  S.  A.,  Memphis,  Tenn: 

23  Photographs  Illustrating  the  Improve- 
ment of  the  Mississippi  River  at  Lake 
Providence*  Reach,  as  follows  : 

Headquarter  Boat,  containing  officers'  mess, 
bed  and  store-rooms,  etc.  Repair-shops 
on  right. 

Intersection  of  Inner  Main  Dike  with  Cross 
Dike  No.  6.     Duncansby  system. 

Repair  Shops.  (Second  View.)  The  Mattress- 
boat  is  in  the  center,  and  end  dock  in  left 
center  of  foreground. 

Main  Dike  and  Cross  Dike  No.  3.  Cotton- 
wood system  'Low- water  state).  Foot-mat 
with  stone  ballast  and  wattling.  Foot-mat 
was  sunk  during  high  water. 

Intersection  of  Main  and  Cross  Dike,  No.  2. 
Cottonwood  system.  Cross  dike  has  wat- 
tling and  foot-mat. 

Barges  loaded  with  brush  for  mattress  work. 

Engineer's  office  at  Pilcher's  Point,  La. 

Break  in  Cross  Dike,  No.  1.  Cottonwood 
system.  On  right  center  is  the  foot-mat 
ready  to  sink. 

Headquarters  of  the  Survey  Party. 

Cross  Dike,  No.  1.     Baleshead  system. 

Upper  Bank  Revetment.  Head  of  Mayers- 
ville  Island. 

Hydraulic  Grader  at  work. 

Hydraulic  Grader.     Mattress  boat. 

Cross  Dikes,  No.  2.     Cottonwood  system. 

Upper  Bank  Revetment.     Mayersville  Island. 

U.  S.  Survey  Steamer  Meter. 

Repair  Shops.     (First  View.) 

Weaving  a  brush  mattress  for  lower  bank. 

Revetment.  Mattress  boat  at  head  with 
brush  barges  in  rear.  Head  of  Mattress  in 
down  stream. 

V.  S.  Steamer  Emma  Etheridge  on  the  U. 
S  Floating  Dry  Dock.  Quarters  boat  on 
the  left, 

Constructing  Foot-mat  at  Low  Water  for  a 
High  Water  Dike.  Cottonwood  system. 
Screen  boat  in  near  center;  brush  barge  in 
left  rear. 

Repairing  Break  in  Dike  Across  Mayersville 
Chute.  (Looking  S.  W.)  Drift  accumula- 
tion shown  in  center  and  left.  Quarters 
boat  In  left  rear. 

Repairing  Break  in  Dike  Across  Mayersville 
Chute.  (Looking  E.)  Drift  accumulation 
shown  beyond  pile-driver  in  left  center. 


Brush  Mattress  for  Lower  Bank  Revetment 
Ready  to  be  Ballasted  and  Sunk.  Mooring 
barge  in  center.  Quarters  boat  and  tow- 
boat  in  right  center. 

From  Seismological  Society  of  Japan, 
Prof.  John  Milne,  Foreign  Secretary, 
Tokio,  Japan: 
Transactions.     Vol  VII,  Part  II.     1884. 

From    T.     Guiiford    Smith,     Buffalo, 
N.  Y.: 
Report  of  the  President  and  Managers  of  the 
Philadelphia  and  Reading  Railroad  Com- 
pany to  the  Stockholders  for  the  Year  end- 
ing November  30th,  1884. 

From   Prof  Cady   Stalev,  Schenectady, 
N.  Y.: 
Union    College   Circular  and   Catalogue   for 
1884-85. 

From  George  F.  Swain,  Boston,  Mass.: 
Twentieth  Annual  Catalogue  of  the  Officers 
and  Students  of  the  Massachusetts  Insti- 
tute of  Technology,  with  a  Statement  of 
the  Courses  of  Instruction  for  the  Year 
1884-85. 

From  George  L.  Vose,  Boston,  Mass  : 
Notes    Relating     to    the    Early   History  of 
Transportation  in  Massachusetts. 

From  United  States  Naval  Observatory, 
Washington,  D.  C: 
Report  of  the  Superintendent  of  the  United 
States  Naval  Observatory  for  the  Year  end- 
ing October  30th,  1884. 

From   United    States    Signal    Service, 
Washington,  D.  O: 
Researches  on  Solar  Heat  and  its  Absorption 
by  the  Earth's  Atmosphere. 

From  Prof.  John  A.Waddell,  University 
of  Tokio,  Tokio,  Japau: 
Appendix  to  the    Memoir  No.   5   of   Tokio 

Daigaku  Tokio  University. 
Measurement  of   the  Force  of  Gravity  at 
Noha  (Okinawa)   and   Kagoshina.     By  R. 
Sakoi  and  E.  Yamaguchi. 

From    George    E.    Waring,     Newport, 
R   I.: 
Sewage  and  Sewage  Disposal  at  Providence, 
R.  I. 

From  Edmund  B.  Weston,  C.E.,  Prov- 
idence, R  I.: 
Bulletin  of  the  New  England  Meteorological 
Society. 

From    Messrs.    Welton    and    Bonnett, 

Waterbury,  Conn.: 

Eighteenth  Report   of  the   Board   of  Water 

Commissioners  of  the  City  of  Waterbury, 

Conn.,  for  the  Year  ending  December  31st, 

1884. 

From  other  sources: 
Annual  Report  of  the  Board  of  Managers  of 
the  New  York  State  Reformatory  at  Elmira 
for  the  Year  ending  September  30th,  1884. 
A  Description  of  the  Means  by  which  Freight 
of  certain  kinds  and  sufficient  quantity 
may  be  carried  overland  for  sixty  cents  per 
ton  per  thousand  miles. 
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ADDITIONS. 


MEMBER. 

Date  of  Election 

Gould,  Edward  Sherman Division  Engineer  New    Croton 

Aqueduct,  Yonkers,  N.  Y Nov.   4,   1885. 

JUNIORS. 

Booker,  Bernard  Frank Resident     Engineer,      Northern 

Division  Chicago,  Burlington 
and  Northern  R,  R.  (Box  155), 
Prescott,  Wis Oct.    7,    1885. 

Brereton,  Thomas  John Maintenance  of  Way  Department 

Pennsylvania  R.  R.,  Altoona, 

Pa "      " 

Carreer,  Joseph  Maxwell  ....  121  East   Thirty-fifth    st.,  New 

York   City "      " 

Matlack,  Charles  P City     Engineer,     San     Antonio, 

Texas "      "       " 

Sani-ord,  David  Coley First  Assistant  Engineer  Con- 
necticut Shell  Fishery  Com- 
mission  (Box  716),  New  Haven, 
Conn May  6,    1885. 


CHANGES     AND     CORRECTIONS. 
MEMBERS. 

Bruner,  Daniel  P Germantown,  Pa. 

Burns,  Edward  C Cor.  East  4th  and  Spring  sts.,  Jamestown,  N.  Y. 

Cunningham,  James  H 1   Victoria    Mansions,    Victoria   st.,    London, 

S.  W.,  England. 

Gelette,  William  D Manager  Pomona  Land  and  Water  Co.,  Po- 
mona, Los  Angeles  Co.,  Cal. 

Him;  \rd,  Julius  E 1739  F  st.,  Washington,  D.  C. 

Him.  Charles  W New  Rochelle,  N.  Y. 

Makindin,   Henry  L Assistant  U.  S.   Coast   and   Geodetic   Survey, 

Washington,  D.  C. 

Moulton,  Mace Chief  Assistant  Engineer  Kentucky  and  In- 
diana Bridge,  Louisville,  Ky. 
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Paine,  Charles.... Vice-President    New    York,     Lake    Erie    and 

Western  K.  R.,  21  Cortlandt  st.,  New  York 

City. 
Smith,  Hamilton,  Jr (Care    Salisbury    Club),    St.    James'    square, 

S.  W.,  London,  England. 
Smith,  W.  Harrison Treasurer  and  General  Manager  Centre  Mining 

Co.,    Pennsylvania  Furnace,    Huntingdon, 

Co.,  Pa. 

JUNIORS. 

Francis,  George  B 201  West  128th  st.,  New  York  City. 

Fuller,  William  B Assistant    Engineer    Northern   Pacific    R.  R, 

417  East  10th  st.,  St.  Paul,  Minn. 
Parsons,   W.  Barclay,  Jr 35  Broadway,  Room  73,  New  York  City. 
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PROCEEDINGS. 


Vol.  XI.— December,   1885. 


MINUTES    OF     MEETINGS 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

November  18th,  1885. — The  Society  met  at  8  p.  m.,  Vice-President 
G.  S.  Greene,  Jr.,  in  the  Chair.  Discussions  were  presented  on  Wind 
Strains  in  Bridges  ;  on  Formulas  for  the  Weight  of  Iron  and  Steel 
Hail  way  Bridges;  and  on  Canals  and  Railways,  Ship  Canals  and  Ship 
Railways. 

December  2d,  1885. — The  Society  met  at  8  p.  m.,  President  Fred. 
Graff'  in  the  Chair. 

The  following  candidates  were  elected  as  Members  :  Harry  Hubbard 
Latham,  of  Chicago,  Illinois  ;  Frank  McDowell  Leavitt,  of  Brooklyn, 
N.  Y. ;  Arthur  Macy,  elected  Junior,  January  12th,  1877,  of  Silver  King, 
Arizona  ;  Arthur  Pou,  of  Talbotton,  Ga. 

A  communication  from  the.  Trustees  of  the  Elizabeth  Thompson 
Science  Fund  wras  presented,  giving  information  of  the  establishment  of 
this  fund,  and  of  the  desire  of  the  Trustees  to  receive  applications  for 
appropriations  in  aid  of  scientific  work. 

Presentation  to  the  Society  was  announced  of  a  handsome  24-hour 
clock,  the  figures  upon  the  dial  of  which  automatically  exhibit  the 
proper  hour  numbers  in  succession  without  interfering  with  the  regu- 
larity of  the  time-piece. 

The  presentation  to  the  Society  by  Gen.  G.  S.  Greene,  Past-President 
Am.  Soc.  C.  E. ,  of  a  rare  lithograph-portrait  of  the  late  George  W. 
Whistler,  C.  E.,  was  announced.  The  thanks  of  the  Society  were 
tendered  for  this,  and,  on  motion,  the  subject  of  procuring  for  the 
Society  suitable  portraits   of    eminent   engineers  was   referred   to   the 
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Board  of  Direction,  with  a  recommendation  for  its  favorable  considera- 
tion. 

It  was  announced  that  the  Annual  Meeting  would  occur  on  January 
20th;  that  the  Board  of  Direction  would  appoint  a  Committee  of 
Arrangements;  and  that  Members  of  the  Society  were  requested  to  make 
suggestions  on  the  subject  to  the  Board  through  the  Secretary. 

The  President  announced  the  appointment  of  the  following  Commit- 
tee to  consider  the  Compressive  Strength  of  Cements,  and  the  Compres- 
sion of  Cement  and  Settlement  of  Masonry,  stating  that  additional  Mem- 
bers of  the  Committee  would  be  announced  at  a  future  time:  Messrs. 

F.  Collingwood,  D.  J.  Whittemore,  W.  W.  Maclay,  T.  C.  McCollom, 
T.  L.  Casey,  George  F.  Swain  and  A.  V.  Abbott. 

A  discussion  upon  the  subject  of  Wind  Strains  in  Bridges  was  read 
by  W.  Howard  White,  M.  Am.  Soc.  C.  E. 

Discussions  upon  Formulas  for  the  Weight  of  Bridges  were  pre- 
sented from  A.  J.  DuBois,  Jun.  Am.  Soc.  C.  E. ,  Wm.  H.  Burr,  Assoc. 
Am.  Soc.  C.  E.,  J.  S.  Elliot,  C.  E.,  and  Geo.  H.  Pegram,  M.  Am. 
Soc.  C.  E. 

Discussions  by  A.  G.  Menocal,  M.  Am.  Soc.  C.  E.,  and  E.  L. 
Corthell,  M.  Am.  Soc.  C.  E.,  were  read  upon  a  paper  previously  read 
by  Mr.  Corthell  on  Canals  and  Railways,  Ship  Canals  and  Ship  Rail- 
ways. 

December  16th,  1885.  —The   Society  met  at  8  p.  m.  ,  Vice-President 

G.  S.  Greene,  Jr.,  in  the  Chair.  A  paper  by  Capt.  F.  V.  Greene,  M. 
Am.  Soc.  C.  E.,  on  Street  Traffic  was  read,  and  discussed  by  Messrs. 
Wellington,  North,  T.  C.  Clarke,  J.  D.  Estabsook,  Cooper,  Robert  L. 
Harris  and  F.  V.  Greene. 

OF  THE  BOARD  OF  DIRECTION. 

November  12th,  1885. — Applications  were  considered.  Action  was 
taken  as  to  arrears  of  dues.     Appropriations  were  made. 

November  25th,  1885. — Applications  were  considered.  A  form  of 
circular  was  adopted  for  issue  to  Members  in  relation  to  increasing  the 
Junior  Membership  of  the  Society,  in  accordance  with  the  action  of  the 
meeting  of  November  4th. 

December  2d,  1885. — Applications  were  considered. 

December  22d,  1885. — Applications  were  considered.  A  final  com- 
munication from  the  Nominating  Committee  was  presented,  and  it  was 
directed  that  the  list  submitted  by  the  Nominating  Committee  be 
posted,  and  the  ballot  issued.  Arrangements  were  made  for  the  Annual 
Meeting. 

December  30th,  1885. — Applications  were  considered.  The  prepa- 
ration of  the  Annual  Reports  was  directed.  Action  was  taken  as  to 
Members  in  arrears  for  dues. 
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ADDITIONS  TO 

LIBRARY   AND     MUSEUM. 


From    Aeronautical    Society    of    Great 
Britain,  London  : 
Annual  Reports  of  the   Society  for  the  years 
1883-84. 

From    Charles    A.    Allen,    Worcester, 
Mass.: 
City  Documents,    No.  38  and  No.  39,  City  of 
Worcester,  Mass  : 

From    American     Academy    Arts    and 
Sciences,  Boston  : 
Proceedings,  May,  1884,  to  May,  1885.     New 
Series.    Vol.  XII. 

From  American  Institute  of  Architects, 
Geo.  C.  Mason,  Secretary,  Newport, 
R.  I.: 
Proceediugs  of  the   Eighteenth  Annual  Con- 
vention, held  in  Albany,  N.  Y.,  October  22d 
and  23d,  1884. 

From  American  Wood  Preserving  Com- 
pany, Boston: 
The  American  Wood  Preserving  Company's 
Process,  Copper  and  Barium,  as  practiced  at 
the  Works  erected  by  the  Compauy  for  the 
United  States,  at  the  United  States  Navy 
Yard,  Boston,  Mass.     2  copies. 

From  American  Institute  of  Mining  En- 
gineers.    Dr.  R.  W.  Raymond,  Secre- 
tary, New  York  City: 
Proceedings    of   the    Forty-second   Meeting, 

Chattanooga.     May,  1885. 
The  Iron  Ores  of  Picton  County,  Nova  Scotia. 

E.  Gilpin,  Jr. 
The  Influence  of  Temperature  in  Steel-making 
on   the  Behavior  of  the  Ingots  in  Rolling. 
John  W.  Cabot. 
Biographical      Notice     of     Sidney    Gilchrist 

Thomas.     George  W.  Maynard. 
The  Utilization  of  the  Iron   and  Copper  Sul- 
phides of  Virginia,  North  Carolina  and  Ten- 
nessee.    C.  R.  Boyd. 
A  Simple  Apparatus  for  Determining  the  Rela- 
tive Strength  of  Explosives.     S.  Whinery. 
Proceedings  of  the  Fortieth  (Annual)  Meeting. 

New  York,  February,  1885. 
The  Relative  Value  of  Coals  to  the  Consumer. 

Dr.  H.  M.  Chance. 
Discussion  of  Dr.  Chance's  Paper  on  the  Rela- 
tive Value  of  Coals  to  the  Consumer.    Dr.  J. 
P.  Kimball. 
The  Use  of  High  Explosives  in  the  Blast  Fur- 
nace,   and  of  a  Water-spray  for  Cooling  in 
Blowing-Down.    W.  J.  Taylor. 
The  Clapp  and  Griffiths  Process      J.  P.  With- 

erow. 
Removing  Obstructions  from  Blast-Furnace, 

Hearths  and  Boshes.    T.F.  Witherbee. 
The  La  Plata  Mountains,  Colorado.    Henry  C. 

Freeman. 
Combined  Amalgamation  and  Concentration 

of  Silver  Ores.     W.  McDermott. 
Hematite  of  Franklin  County,  Vt.     Alfred  F. 
Brainerd. 


The  Clapp  and  Griffiths  Process.    Robert  W. 

Hunt. 
Further    Notes   on    the    Clapp  and  Griffiths 

Process.     Robert  W,  Hunt. 
Discussion  of  the  Paper  of  R.  W.  Hunt,  on 

the  Clapp  and  Griffiths  Process. 
A  Water-Gas  Open  Hearth   Furnace.     N.  Lil- 

lenbey. 
A    Bessemer    Converting    House    without    a 

Casting  Pit.     L.  G  Laureau. 
A  New  Regenerative  Hot-Blast  Oven.     John  C. 

Long. 
Fuel  Economy  in  Engines  and  Boilers.    P. 

Barnes. 
Certain  Interesting  Crystalline  Alloys.      Rich- 

The  Fabnehjelm  Water-Gas  Incandescent 
Light.    R.  W.  Raymond. 

The  Source  and  Behavior  of  Fire-Gas  in  the 
Johnstown  Mines.     John  Fulton. 

The  New  Mining  Code  of  Mexico.  Richard  E. 
Chism. 

The  Straight  or  No-Bosh  Blast  Furnace.  W. 
J.  Taylor. 

Biographical  Notice  of  BeDjamin  Silliman. 
Dr.  T.  Sterry  Hunt. 

Colored  Mining  Labor.     Alfred  T.  Brainerd. 

The  Microscopic  Structure  of  Iron  and  Steel. 
F.  Lynwood  Garrison. 

Treatment  of  Roasted  Pyrites  by  the  Long 
Maid  and  Claudet  Processes  for  the  Extrac- 
tion of  Gold  and  Silver.     T.  Egleston. 

Quicksilver  Condensation  at  New  Almadero. 
Samuel  B.  Christy. 

The  Durham  Blast  Furnace.  B.  F.  Faekenthal. 

Lixivation  and   Amalgamation  Tests.    T.  H. 

Experiments  with  Bolts  and  Screw-Threads. 
Maj.  King,  U.  S.  Engineers. 

The  Amalgamation  of  Gold  Ores,  and  the  Loss 
of  Gold  in  Chloridiziug-Roasting.  C.  A. 
Stetefeldt. 

The  Homogeneity  of  Open-Hearth  Steel. 
H.  H.  Campbell. 

Note  on  a  Self-Dumping  Water  Tank.  Will- 
(inl  Idc  J?i6rc6. 

Mr.  E.  D  Campbell's  Calorimetric  Process  for 
Estimating  Phosphorus  in  Iron  and  Steel. 
Byron  W.  Cheever. 

Estimation  of  Manganese,  Carbon  and  Phos- 
phorus In  Iron  and  Steel.  Byron  W.  Chee- 
ver. 

Improvements  in  Ore-Crushing  Machinery. 
S.  R.  Krom. 

The  Sulphide  Deposit  of  Soutli  Iron  Hill, 
Leadville,  Colorado.     Francis  T.  Freeland. 

The  "  Centennial  "  and  "  Lotta  "  Gold  Prop- 
erties, Couhuila,  Mexico.  Dr.  Persifor 
Frazier. 

The  Manufacture  of  Steel  Castings.  P.  G. 
Salom. 

The  Geology  and  Mineral  Resources  of  Se- 
quachee  Valley,  Tennessee.     W.  M.  Bow 
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The  Manufacture  of  Iron  in  Canada.    James 
Herbert  Bartlett. 

From  American  Train-Dispatchers'  As- 
sociation,  Isaac   H.   McEwen,  Secre- 
tary, Buffalo,  N.  Y.: 
Proceedings   of  Second  Annual   Convention, 
held   at  Denver,  Colorado,  June  16,  17,  and 
18,  1885.     Also   Constitution  and   By-Laws, 
list  of  Officers  and  Members,  and  Executive 
Committee  Session. 

From  the  Association   of  Engineering 
Societies,    H.    G.    Prout,    Secretary, 
New  York  City : 
Transactions,  Vol.  IV,  No.  9. 

From  Lewis  S.  Atler,  Keusselaer,  In- 
diana: 
Proceedings  of  the  Association  of  County 
Surveyors  and  Civil  Engineers  of  the  State 
of  Indiana,  at  its  Fifth  Annual  Meeting, 
held  in  Indianapolis,  January  20-21,  1885. 
together  with  Constitution,  By-Laws,  and 
other  valuable  matter. 

From   Benjamin   Baker,   Westminster, 

S.  W.,  London,  England: 

Address  of  the  President  of  the   Mechanical 

Science   Section  of  the   British  Association 

for  the  Advancement  of  Science,  Aberdeen, 

1885. 

From     Spencer     F.    Baird,     Secretary 
Smithsonian     Institution,    Washing- 
ton, D.  C: 
Annual  Report  of  the  Board  of  Regents  of  the 
Smithsonian      Institution,    showing      the 
operations,  expenditures,  and   condition  of 
the  Institution  for  the  year  1883. 
A  Catalogue  of  Scientific  and  Technical  Peri- 
odicals, 1865-82,  together  with  Chronologi- 
cal   Tables    and     a    Library    Check    List. 
Henry  Carrington,  Bolton. 

From  R.  M.  Bancroft,  Upper  Holloway, 
London.  England  : 
A  Practical  Treatise  on  tho  Construction  of 
Tall  Chimney  Shafts,  containing  Details  of 
upwards  of  Eighty  Existing  Mill,  Eugine- 
House,  Brick-Work,  Cement-Work,  and 
other  Chimneys,  in  Brick,  Stone,  Iron  and 
Concrete.  Robert  M.  Bancroft  and  Francis 
J.  Bancroft 

From  W.  S.  Barbour,  Cambridgeport, 
Mass. : 
The  Mayor's  Address  at  the  Organization   of 
the  City  Government,  January  5,  1885.  and 
the  Annual  Reports  made  to  the  City  Coun- 
cil for  the  year  1884. 
Annual   Report  of  the   City  Engineer  to  the 
City  Council  for  the  year  ending  November 
30,  1884. 
The  Twentieth  Annual   Report  of  the  Cam- 
bridge Water  Board  to   the   City  Council, 
together  with  the  Reports  of  the  Registrar 
and  Superintendent,  and  other  Documents 
for  the  year  1884. 

From  Max  J   Becker,  Columbus,  Ohio: 

Paper  on  Why  do  Rail  Joints  and  Splice  Bars 

Break  ?    Read  before  the  Engineers'  Society 

of  Western  Pennsylvania,  January  20,  1885. 

From  Henry  A.  Bentley,  Newport,  R.  I. : 

Report  and   Estimates  for  the   Completion  of 

the  Sewage  System  of  the  City  of  Newport, 

R.I. 

From   G.  H.  Benzenberg,   Milwaukee, 
Wisconsin: 
Annual  Report  of  the  Board  of  Public  Works 
of  the  City  of  Milwaukee,  Wis.,  for  the  year 
1884. 


From  the  Board  of  Water  Commission- 
ers of  Minneapolis,  Minn.: 
Annual  Report  of  the  Board  of  Water  Com- 
missioners   of    the    City    of    Minneapolis, 
for  the  year  ending  March  1,  1885. 

From  John  Bogart,  New  York  City: 
Beton     Coignet    and    Goodridge    System    of 

Constructing  and   Repairing  Railway  and 

other  Structures. 
Will     the    Washington     Monument     Stand? 

Article  taken  from  the   Engineering  News, 

March  14  and  15,  1885. 

From  Boston  Society  of  Civil  Engineers, 
Boston,  Mass.: 
Constitution  and  By-Laws  and  List  of  Mem- 
bers.   February,  1885. 

From  Aug.  J.  Bowie,  Jr.,  San  Francisco, 
Cal.: 
Transactions  of  the  Technical  Society  of  the 
Pacific  Coast.    Vol.1.     June,  1884. 

From  Bureau  of  Education,  Washing- 
ton, D.  C. : 
Circular  of  Information  of  the  Bureau  of  Edu- 
cation, No.  7,  1884;  and  Nos.  1  and  2,  1885; 
also  pamphlet  on  Tlanting  Trees  in  School 
Grounds,  and  the  Celebration  of  Arbor 
Day. 

From  Bureau  of  Navigation,  Navy  De- 
partment, Washington,  D.  C. : 
Telegraphic  Determination  of  Longitude  in 
Mexico  and  Central  America,  and  on  the 
West  Coast  of  South  A?nerica.  Lieutenant- 
Commander  Charles  Heury  Davis,  and 
Lieutenants  John  Alexander  Norris  and 
Charles  Laird,  U.  S.  N. 

From  F.  J.  R.  Carnella,  Glau   Mer  Ter- 
race. Swansea: 
A  Lecture   on  the  Steel  Age.  delivered  at  the 
Royal  Institution  of  South  Wales,  Swansea, 
February  11,1884. 

From   Col.  Thomas  L.  Casey,  Corps  of 
Engineers,    U.     S.    A.,    Washington, 
D.  C: 
Reports  upon  the  Washington  Monument. 

From    Messrs.   B.   S    Church    and  A. 
Fteley,  New  York  City: 
The    following    documents    relating  to   the 

New  Croton  Aqueduct: 
(1.)  Contracts  and  Specifications  Nos.  2,  3,  4, 

5,  6,  7,  8,  9,  10  Band  11  A. 
(2.)  Contract   Drawings  No.   1  Croton  Gate- 
House,  etc. 
(3  )  Album  of  Maps,  Drawings,  Profiles  and 
Details  of  Construction. 

From  George  H.  Cook,  State  Geologist, 
New  Brunswick,  N.  J.: 
Six  Maps  of  the  Geological  Survey  of  New 
Jersey. 

From    Theodore    Cooper,    New    York 
City: 
General    Specifications     for     Wrought-Iron 
Highways,  Bridges  and  Viaducts.     Theo- 
dore Cooper. 

From  E.  L.  Corthell,  New  York  City: 
The  Tehuantepec  Ship  Railway.  An  Address 
delivered  before  the  American  Association 
for  the  Advancement  of  Science  at  its 
Thirty-fourth  Meeting,  Ann  Arbor,  Mich., 
August  26th,  1885. 

From    Martin    Coryell,   Lambertville, 
N.  J.: 
Eighth  Annual  Report  of  the  Lambertville 
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Water  Company.  Lambertville,  March  13th, 
1885. 

From  J.  J.  R.  Croes,  New  York  City: 
Statistical  Tables  of  American   Water-worka 
tor  1885.     J.  James  R.  Croes. 

From  J    H.  Decker,  Secretary  Ameri- 
can  Water  works   Association,  Han- 
nibal,  Mo.: 
Report  of  Proceedings  of  tbe  Fifth  Annual 
Meeting   of   tbe    American    Water  -  works 
Association,  bold   at   Boston,  Mass.,  April 
■Jist,  22d  and 23d,  1885. 

From  Pat.  Doyle,  Black  Town,  Madras, 
India: 
Tbe  "Cbin  Cbic  "  or  Chinese  Chain  Pump 
in  the  Lamb  Tin  Mines.    Pat.  Doyle,  C.  E. 
(2  copies). 
Paper-Making  in  India,  being  notes  of  a  visit 
to  the  Lucknow  Paper  Mills.     Pat.  Doyle, 
C.  E. 

From  A.  Ebert,  New  York  City: 
Transactions  of  the  American  Yacht  Club, 
1885,  containing  article  on  Improvements 
in  Naval  Architecture.     Capt.  C.  G.  Lund- 
borg. 

From  C.  H.  Edwards,  Quincy,  Mass.: 
Four  Photographs  of  a  New  Stone  Dumping 
Scow  used  at  Newburyport  Jetties,  Mass. 
FromN.H.Egleston,  Forestry  Division, 
Agricultural  Department,   Washing- 
ton, D.  C: 
Report  upon  Forestry,  Vols.  1  and  2,   1877, 
1878,  1879,  F.  B.  Hough.  Vol  4,  1881    N.  H. 
Egleston. 
Trees  and  Tree  Planting,  with  Exercises  and 
Directions   for   the  Celebration   of    Arbor 
Day.     Prepared  by  John  B.  Peaslee,  Super- 
intendent Cincinnati  Public  Schools,  with 
preface  by  Warren  Higley. 
Proceedings   of   a  Convention   of  Delegates 
from  Agricultural  Colleges  and  Experiment 
Stations,  held  at  the  Department  of  Agri- 
culture, July  8th  and  9th,  1885. 

From    Hon.   S.   B.   Elkins,   New  York 

City: 

An  Address   on   the  Industrial   Question  in 

the    United    States,   delivered    before   the 

Alumni   Association  of  the   University  of 

the  State  of  Missouri. 

From  Walton  W.  Evans,  New  Rochelle, 
N.  Y.: 
A  Chapter   in   the  History   of  the   Queen's 
Cup,  won  by  the  yacht  America  in  1851. 
From  Albert  Fink,  New  York  City: 
Testimony  of  Albert  Fink  before  tbe  Select 
Committee  on  Inter-State  Commerce  of  the 
United  States  Senate,  New  York,  May  21st, 
1885 

From  S.   B.  Fisher,  Pittsburgh,   I'enn.: 

Table  of  cubic  yards  in  lengths  of  100  leet. 

From  P.  J.  Flynn,  East  Oakland,  Cal.: 

Hvdraulic   Tables  based  on  the  Formula-  of 

D'Arey  and  Kutter      P.  J.  Flynn,  C   E. 

Shrinkage  of  Earthwork.    P.  J.  Flynn,  C.  E. 

From  Franklin  Institute.   Dr.  William 

H.    Wahl,    Secretary,     Philadelphia, 

Penn.: 

Report  of  Examiners   of   Section  X,  Sti-am 

Boilers. 
General  Report  of  the  Chairman  of  the  Com- 
mittee on  Exhibition. 
Report  of  Examiners  of  Sections   XIV-XVI, 
Batteries;    also  Section   XXX,   Machinery 
and  Mechanical  Appliances. 


Report  of  Examiners  of  Section  XXIV,  Elec- 
tro-Dental Apparatus. 

Report  of  a  Special  Committee  to  determine 
the  Efficiency  and  Duration  of  Incandes- 
cent Electric  Lamps. 

From  Alphonse  Fteley,  New  York  City: 
Article  on  the  New  Croton  Aqueduct,  pub- 
lished    in    the    June,    1885,    number    of 
Science. 

From  C.  C.  Gilniau,  New  York  City: 
Plans  and  Estimates  of  Oilman's  Electrical 
Subway,  submitted  to  tbe   New  York  State 
Electrical  Commission,  August  2Cth,  1885. 

From   Robert   Gordon,   London,   Eng- 
land: 
Proceedings  of  the  Royal  Geographical  So- 
ciety.   May,    1885,    containing    article    on 
The  Irawaddy  River. 

From  Geo.  S.  Greene,  Jr.,  Engineer  in 
Chief   Department   of  Docks,    New 
York  City: 
Fourteenth  Annual  Report   of  the   Depart- 
ment of  Docks,  for  the  year  ending  April 
30th,  1884. 
Report  on  the  Forests  of  North  America,  ex- 
clusive of  Mexico,  Charles  S.  Sargent,  with 
Sixteen   Maps,   accompanying    Report  on 
Forest  Trees  of  North  America. 

From  Guido  Hauck,  Rektor  Konigliche 

Technische      Hochschule,      Berlin, 

Prussia: 

Die  Grenzen  Zuischen   Malerei  und  Plastike 

und    die    Gesetze    des   Reliefs.    Rede    am 

Geburtstage   Seines   Majestat  des  Kaisers 

und  Kouigs,  Berlin  am  20  Marz,  1885.    Ge- 

halten   von   dern    Zeitigen    Rector  Guido 

Hauck. 

From  Gen.  W.  B.    Hazen,  Chief  Signal 
Officer,  U   S.  A.,  Washington: 
Professional  Papers  of  the  Signal  Service,  No. 
XVI. 

Tornado  Studies  for  1884. 

From  John  T.  Henthorn,  Providence, 
R.  I.: 
On   the  Power   Required   to   Overcome  the 
Frictional     Resistances    of    Engine    and 
Shafting  in  Mills,  and  its  Cost. 

From     Clemens     Herschel,     Holyoke, 

Mass.: 

The    July    number    of    the     Manufacturer, 

containing  Report  of  Wheel  Tests  made  at 

Holyoke,    Mass.,   by    the    Holyoke    Water 

Power  Company. 

From    Albert   B.    Hill,    New    Haven, 
Conn.: 
Annual   Reports  of  the  Department  of  the 
board  of  Public  Works,  City  of  New  Haven, 
Conn.,  for  the  year  1884. 

From    William   A.   Ingham,  Secretary 
Board     of     Commissioners     Second 
Geological  Survey  of  Pennsylvania  : 
Grand  Atlas.     Div.  Ill,  Part   I. 

From  Institution  of  Civil   Engineers, 
James  Forest,  Secretary,  London  ; 
Notes  on  Electric    Wasting  in  China.  Claude 

William  Kinder. 
Heat  Action   of  Explosives.     Capt.    Andrew 

Noble. 
Further  Data  on  Aerial  Navigation.     William 

Pole. 
Water  supply.     William  Pole.  • 
On  Compressed  Air  and  other  Refrigerating 

Machinery.     A.  C.  Kirk. 
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Comparative  Study  of  Various  Methods  of 
Traction  Applicable  to  Railways.  Marcel 
Deprez  and  Mnarice  Leblanc. 

On  the  Blasting  and  Eemoval  of  Rock  under 
Water,  and  the  Construction  of  a  Deep- 
Water  Quay,  at  Blyth  Harbor.  William 
Kidd. 

Description  of  Steel  Permanent  Way,  as 
used  on  the  London  and  North  Western 
Railway.     Francis  William  Webb. 

The  Metropolitan  and  Metropolitan  District 
Railways.     Benjamin  Baker. 

The  City  Lines  and  Extensions  (Inner  Circle 
completion)  of  the  Metropolitan  and  Dis- 
trict Railways.  John  Wolfe  Barry.  With 
an  abstract  of  the  discussion  upon  the 
paper. 

Abstract  of  Papers  in  Foreign  Transactions 
and  Periodicals. 

The  Art  of  Making  Paper  by  the  Machine,  as 
exemplified  in  the  Manufacture  of  High- 
class  Writings  and  Printings.  James  Will- 
iam Wyatt. 

The  Barmouth  Water-works.     Thos.  Roberts. 

The  General  Theory  of  Thermo-Dynamics. 
Prof.  Osborne  Reynolds. 

Notes  on  Compressed  Air  and  Machinery  for 
Utilizing  it.    John  Kraft. 

Electric  Lighting  for  Steamships.  Andrew 
Jamieson.  With  an  abstract  of  the  dis- 
cussion upon  the  paper. 

On  Hauling  Out  and  Launching  Vessels 
Sideways.     Murray  Jackson. 

Pumping  Machinery  for  Draining  a  Portion 
of  the  Marshes  near  Fondi,  Southern 
Italy.     Thomas  Richard  Guppy. 

Removal  of  Buddonness  Light-house  near 
Dundee  Harbor.     David  Cunningham. 

The  Burnham  Sewage  Outfall  Works.  Alfred 
Barton  Brady. 

A  Comparison  of  British  and  Metric  Meas- 
ures for  Engineering  Purposes.  Arthur 
Hamilton  Smythe. 

Secondary  Batteries.    Frank  Geere  Howard. 

Trigonometrical  Surveying.  Harley  H.  Dal- 
rymple  Hay. 

Discharge  from  Catchment  Areas.  James 
Craig. 

Method  of  Removing  Rock  under  Water. 
Charles  James. 

Guns  Considered  as  Thermo-dynamic  Ma- 
chines    James  Atkinson  Longridge. 

The  Gauging  of  Flowing  Water.  Henry  T. 
Turner. 

Cost  of  Dredging  at  Calais  and  at  Boulogne. 
F.  Guillain. 

Experiments  on  the  Friction  of  Disks  Rotated 
in  Fluid.     Prof.  William  C  Unwin. 

Brauer's  Dynamo-metric  Brake.  H.  Walther 
Meunier. 

Standard  Engine  Shed  of  the  London  and 
North  Western  Railway  Company.  Francis 
W.  Webb. 

The  Modern  Practice  in  the  Construction  of 
Steam  Boilers.     David  S.  Smart. 

The  Electrical  Regulation  of  the  Speed  of 
Steam  Engines  and  other  Motors  for  Driv- 
ing Dynamos.  Peter  William  Williams.  With 
an  abstract  of  the  discussion  upon  the 
paper. 

The  River  Buffalo.  William  Bloomfield 
Tripp. 

The  Public  Works  of  the  Orange  Free  State, 

South  Africa.     Gustave  Halle. 
The  Cape  Government  Railways.     William 
George  Brounger 

T  he  Pollution   of   the    River    Thames    near 


London.   Effect  of  the   Drought   of  1884. 

Robert  William  Pereguin  Birch, 
The  Purification  of  Water  by  Means  of  Iron 

on  the  Large  Scale.     William  Anderson. 
The  Purification  of  Water  by  Metallic  Iron  in 

Mr.  Anderson's  Revolving  Purifiers.  George 

Henry  Ogston. 
Gas   and    Caloric    Engines.      Prof.   Fleming 

Jenkins,  LL.D. 
Mechanical  Integrators.    Prof.  Henry   Selby 

Hele  Shaw.  With  an  abstract  of  the  discus- 
sion upon  the  paper. 
Water  Motors.     Prof  W.  C.  Unwin. 
Physiography.  John  Evans. 
Address  of  Sir  Fred'k  J.  Bramwell,  President, 

13th  January,  1885. 
The  Tekapo  Bridge,  Mackenzie  County,  New 

Zealand.     Frederic  William  Marchant. 
The  Working  of  Tramways  by  Steam.    Hon. 

Richard  Clere  Parsons. 
The  Sydney  Steam  Tramways.    Walter  Shell- 
shear.     With  an  abstract  of  the  discussion 

upon  the  paper. 
Minutes  of  Proceedings.    Vol.  LXXIX.    1884- 

85.     Part  I. 
Minutes  of  Proceedings.    Vol.  LXXX.    1884- 

85.    Part  II. 
Charter,  By-Laws  and  List  of  Members  for 

June  3d,  1885. 

From  Institution  of  Mechanical  En- 
gineers, Alfred  Baehe,  London  : 
Proceedings.     March,  1885. 

From  Iron  and  Steel  Institute,  J.  S. 
Jeans,  Secretary,  London  : 
The  Journal  of  the   Institute,  No.  1,  1885. 

From  William  Jackson,  City  Engineer, 
Boston: 
Main  Drainage  Works  of  the  City  of  Boston, 

Mass.     Eliot  C.  Clarke.     Boston,  1885. 
Eighteenth  Annual  Report  of  the  City  Engi- 
neer of  Boston  for  the  year  1884. 

From    Wm.   H.   Jennings,   Columbus. 
Ohio: 
The  Ohio  Mining  Journal.    Vol.  III.    May  15, 
1885.     Containing   Article  on    Exhaustive 
Mining. 

From   H.   Kato,  President  of  the  Tokio 
Daigaha,  Tokio,  Japan  : 
A  System  of  Iron  Railroad  Bridges  for  Japan. 
Text,  Tables  and  Plates.     J.  A.  L.  Waddell. 
2  copies  of  each. 

From  Edward  H.  Keating,  Halifax, 
N.  S.: 
Map  showing  Proposed  Short  Line  Railway 
between  Montreal  and  Halifax;  also  Re- 
port on  the  Proposed  Short  Line  Railway 
connecting  the  Canadian  Pacific  Railway 
at  Montreal  with  principal  Atlantic  Ports 
of  the  Dominion  of  Canada,  and  Letter  on 
the  Short  Line  Railway  Question.  By  E.  H. 
Keating. 

From  John  Kennedy,  Montreal,  Cana- 
da : 
Annual  Report  of  the  Harbor  Commiss*ioners 
of  Montreal  for  the  year  1884. 

From  W.  B.  Knight,  Kansas  City,  Mo.: 
Report  of  the  City  Engineer  of  City  of  Kan- 
sas, Mo.,  for  calendar  year  of  1884. 

From  Capt.  Smith  S.  Leach,  Memphis, 
Tenn.: 
Report  of  the  Mississippi  River  Commission 
for  1884. 

From  J.  Francis   Le  Baron,  Jackson- 
ville, Floria. 
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Article  on  the  St.  John's  Jetties.  Capt.  Leo 
Vogel. 

Pamphlet  showing  the  Statistics,  Resources, 
Lands,  Products,  Climate  and  Population 
of  Duval  County,  Florida,  with  a  correct 
map. 

Slap  of  Brevard  County,  Florida. 

The  Atlantic  and  Gulf  Coast  Canal  and  Okee- 
chobee Land  Company.     2  copies. 

Palnia  Sola,  the  youngest  and  largest  town  in 
Florida. 

From  C.  P.  Leland,  Auditor  Lake  Shore 
Ky..  Cleveland,  Ohio  : 

Eleventh,  Twelfth,  Thirteenth  and  Four- 
teenth Annual  Reports  of  the  Board  of  Di- 
rectors of  the  Lake  Shore  and  Michigan 
Southern  Railway  Company. 

From  Louis  Lesage,  Montreal,  Canada  : 

Annual  Report  of  the  Superintendent  of  the 

Montreal  Water-works  for  the  year  ending 

31st  of  January,  1873,  1874,  and  December, 

1882  and  1884. 

From  Light-house  Board,  Washington, 
D.C.: 
List  of  Beacons,  Buoys,  Stakes  and  other  Day- 
marks  in  the  Fifth  Light-house  District. 

From  Liverpool  Engineering  Society, 
Thos.  L.  Miller,  Secretary,  Liverpool, 
England  : 
Transactions.    Volumes  I  to  V  inclusive. 

From  A.  Luders  Light,  Chief  Engineer 
Government  Railways,  Province  Que- 
bec, Canada  : 
Reports  upon  the  Survey  of  the  Northern  or 
Quebec  Route   for  the  shortest  and  most 
advantageous    Railway    Line   from    Mon- 
treal to  Halifax  and  St.  John,  N.  B.,  rec- 
ommending a  Combination  Line. 
Proposed   Bridge  over  the  St.   Lawrence  at 
Quebec,  Canada. 

From  Arthur  Macy,  Silver  King,  Ari- 
zona : 
The  Resources  of  Arizona.    Third  Edition. 
Patrick  Hamilton. 

From    Charles   C.    Martin,    Brooklyn, 
N.  V.: 
Acts   of  the  State  of  New  York  and  of  the 
United  States  in  relation  to  the  New  York 
and  Brooklyn  Bridge. 

From  the  Mining  Institute  of  Scotland. 
James  Barrowman,  Secretary,  Ham- 
ilton: 
Transactions.    Vol.  VII,  1885.     Parts  I  and  II. 
Rules;  List  of  Members,  1884-85;  and  Cata- 
logue of  Library. 

From   Mississippi  River  Commission, 
Lieut.   S.  S.  Leach,    Corps   of  Engi- 
neers, U.  S.  A.,  Secretary,  St.  Louis: 
A   set  of  Charts    of  the   Mississippi  River, 
from  the  Mouth  of  the  Ohio  River  to   the 
Head  of  the  Passes. 

From  New  England  Meteorological  So 
ciety: 
Bulletin  for  April,  May,  June,  July,  August 
and  September,  1885. 

From    Prof.    Simon    N,\vcomb,    Supt. 
The   American  Ephemeris  and  Nau- 
tical Almanac,  Washington,  D.  C: 
Reports  of  Observations  of  the  Total  Eclipse 
of  the  Sun,  August  7,  1809,  made  by  parties 
under  the  General  Direction  of  Prof.  J.  H. 
C.  Coffin,  U.  S.  N. 


The  American  Ephemeris  and  Nautical  Al- 
manac for  the  year  1888.     First  Edition. 

From  Gen.  John  Newton,  Chief  of  En- 
gineers, U.  S.  A.,  Washington,  D.  0.: 

Annual  Report  of  the  Chief  of  Engineers,  U. 

S.  A.,  for  1884.     Parts  I,  II,  III  and  rv. 
A    Communication    from    the  Secretary   of 
War,  and  papers  relative  to  the  completion 
of   the  Monument   at  Yorktown.     Lieut. - 
Col.  Wm.  P.  Craighill. 

A  Letter  from  the  Chief  of  Engineers,  inclos- 
ing Map  of  Survey  and  Report  upon  the 
work  of  deepening  Gedney's  Channel 
through  Sandy  Hook  Bar,  New  York;  also 
inclosing  a  Report  from  the  Board  for  For- 
tifications upon  a  plan  for  the  permanent 
improvement  of  the  entrance  to  New  York 
Harbor.    Major  G.  L.  Gillespie. 

Report  relating  to  Newport  Harbor,  Rhode 
Island,  and  Fort  Greene.  Lieut. -Col. 
George  H   Elliot. 

Report,  with  an  estimate  of  the  cost  for  an 
improvement  of  Cypress  Bayou  and  the 
Lakes  between  Jefferson  and  Shreveport 
Capt.  Eric  Bergland. 

Report  as  to  the  cost  of  the  proposed  improve- 
ment of  the  Harbor  of  Providence,  R.  I. 
Lieut.-Col.  George  H.  Elliot. 
Report  of  a  Survey  and  Preliminary  Exami- 
nation of  Wood  Island  Harbor,  Maine. 
Col.  C.  E.  Blunt. 

Report  of  a  Preliminary  Examination  of 
Bayou  Bartholomew,  Arkansas.  Capt.  Eric 
Bergland. 

Report  of  Survey  and  Preliminary  Examina- 
tion of  Scajacuada  Creek,  at  Buffalo,  N.  Y. 
Capt.  Edward  Maguire. 

An  Estimate  from  the  Secretary  of  War  for 
the  Construction  of  a  Sea-wall  around 
David's  Island,  New  York  Harbor. 

Report  of  a  Survey  of  Lake  Champlain,  at 
Four  Channels,  New  York.  Lieut. -Col.  H. 
M.  Robert. 

Report  of  a  Survey  of  Clinton  River,  Michi- 
gan.   Lieut.-Col.  O.  M.  Poe. 

Report  upon  the  condition  of  Green  and 
Barren  Rivers,  Kentucky.  Capt.  James  C. 
Post. 

Report  of  Survey  and  Examination  of  Outer 
and  Inner  Bars,  Pensacola  Harbor.  Capt. 
R.  L.  Hoxie. 

Report  of  Survey  and  Examination  of 
Sny  Island  Levee,  Mississippi  River. 
Major  A.  Mackenzie. 

Report  of  the  results  of  a  survey  of  the  Mouth 
of  Scioto  River,  Ohio.  Lieut.-Col  William 
E.  Merrill. 

Report  of  a  survey  and  examination  of  York 
Harbor,  Maine.     Col.  C,  E.  Blunt. 

Report  on  the  subject  of  a  New  Lock  at  Saint 
Mary's  Falls  Canal,  in  Michigan. 

Report  of  survey  and  examination  of  the 
Bar  in  the  Ohio  River  opposite  the  Mouth 
of  Licking  River.  Lieut.-Col.  William  E. 
Merrill. 

Report  of  the  results  of  the  survey  of  the 
Congaree  River.    Capt.  W.  H.  Bixby. 

Report  of  a  survey  of  Bogue  Sound,  between 
New  River  and  Beaufort,  N.  C.  Capt.  W. 
H.  Bixby. 

Report  of  a  survey  at  Darien  Harbor,  Geor- 
gia.    Gen.  Q.  A.  Gillmore. 

Report  of  a  survey  of  Napa  River,  California. 
Lieut.-Col.  G.  H.  Meudell. 

Report  of  survey  of  Cashie  River,  from  its 
mouth  to  Windsor,  N.  C.  Capt.  F.  A.  Hin- 
man. 
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Advertisement,  Specifications  and  Proposals 
for  Furnishing  Brush  and  Poles  on  Board 
Government  Barges  in  the  Mississippi 
River,  between  St.  Paul  and  Hastings, 
Minn. 

Constructing  Six  Fiat-Boats  for  Use  in  the 
Improvement  of  the  Upper  Mississippi 
River. 

Furnishing  Rip-Rap  on  Bank  of  the  Missis- 
sippi River,  between  Rock  Island,  Blinois, 
and  Montrose,  Iowa. 

Furnishing  Rip-Rap  on  Board  Government 
Barges,  in  the  Mississippi  River,  between 
Reed's  Landing  and  Winona,  Minn. 

Furnishing  Rip-Rap  on  Bank  of  the  Missis- 
sippi River,  between  Lansing  and  Du- 
buque, Iowa. 

For  Constructing  the  Hull  of  a  Steel  and  Iron 
Snag- Boat. 

Constructing  Six  Dump- Boats  for  Use  in  the 
Improvement  of  the  Upper  Mississipjii 
River. 

For  Improving  Ice  Harbor  at  Belle  River, 
Michigan. 

For  Dredging  in  Mississippi  River  at  St. 
Paul,  Minn. 

Improving  Hay  Lake  Channel,  Saint  Mary's 
River,  Mich. 

Improving  the  Harbor  at  Norwalk,  Connect- 
icut. 

Improving  the  Harbor  at  New  Loudon,  Con- 
necticut. 

Improving  the  Harbor  at  Bridgeport,  Con- 
necticut. 

For  Dredging  and  Embankment  for  the  Im- 
provement of  Potomac  River. 

For  Building  Quarter-Boat  and  Scows  for 
the  Improvement  of  the  Missouri  River. 

For  Building  Dredge-Boat  Hull  and  Cabin 
for  the  Improvement  of  the  Missouri 
River. 

Improving  Pamlico  and  Tar  Rivers,  N.  C, 
and  North  Landing  River,  Virginia  and 
North  Carolina. 

Improvement  of  Rappahannock  River,  Va. 

For  Iron-work  of  Navigation  Pass  of  Dam 
No.  6,  Great  Kanawha  River,  W.  Va. 

Constructing  a  Breakwater  at  Black  Rock 
Harbor,  Connecticut. 

Improvement  of  Wilmington  Harbor,  Cali- 
fornia, 

For  Rip-Rap  Stone  for  the  Improvement  of 
Potomac  River,  near  Washington,  D.  C. 

Improvement  of  Harbor  of  Refuge  at  Portage 
Lake,  Mich. 

Improvement  of  Grand  River,  Mich. 

For  Dredging  of  Tidal  Reservoir  and  Virginia 
Channel,  Potomac  River  near  Washington, 
D.  C. 

General  Instructions  and  Specifications  for 
Bidders  for  Supplies  and  Materials. 

Schedule  of  Supplies  and  Materials. 

Removal  of  Wreck  at  Entrance  to  New  Haven 
Harbor,  Connecticut. 

Improving  Harbor  at  Ashtabula,  Ohio. 

Construction  of  Fishways  at  the  Great  Falls 
of  the  Potomac. 

Kentucky  River  Improvement,  Dam  No.  4. 

Little  Kanawha  River  Improvement,  Lock 
No.  5. 

Improving  Harbor  at  Green  Bay,  Wisconsin, 

Improving  Maurice  River,  N.  J. 

Improving  Hay  Lake  Channel,  Saint  Mary's 
River,  Michigan. 

Improvement  of  Big  Sandy  River,  West  Vir- 
ginia and  Kentucky. 

Improvement  of  Little  Kanawha  River,  W. 
Va. 


Dredging  at  St.  Clair  Flats  Canal,  Michigan. 
Constructing  Crib-Pier  or  Breakwater  in  the 

Harbor  of  Stockholm,  Upper  Mississippi 

River. 
For  Extension  of  Engineer  Wharf  at  Willett's 

Point,  New  York  Harbor. 
Lock  No.  1,  Kentucky  River  Improvement. 
Iron-work    for    15-inch    Gun    Platforms    at 

Forts  Foote  and  Washington,  Md. 
For  Supplies  and  Materials. 
Irons  for  Lock  No.  2,  Great  Kanawha  River 

Improvement. 
Iron-work  for  Barbette   Gun  Platforms  for 

Heavy  Guns  at  Fort  Adams  and  Fort  at 

Dutch  Island,  R.  I. 
Laying     the    Iron-work    for    Platforms    for 

Heavy  Guns  at  Fort  Adams  and  Fort  at 

Dutch  Islaud,  R.  I. 
Proposals  tor  Harbor  Improvement. 
Proposals  for  Dredging. 
Construction     of     Breakwater    at    Rouse's 

Point,  Lake  Champlain,  N.  Y. 
Improvement  of  Delaware  River.     Dredging 

at  Mifflin  Bar. 
Dredging  west  of  Petty's  Island. 
Construction  Dike  near  Mifflin  Bar. 
Construction  Dike  between   Fisher's  Point 

and  Petty's  Island. 
Repairs  of  Gun  Platforms  at  Fort  Montgom- 
ery, N.  Y. 
Furnishing   Rip-Rap   on  board  Government 

Barges  in  the  Missouri  River. 
For  the  Engines  and  Machinery  of  a  Steel 

and  Iron  Snag-boat. 
Rip-Rap  on  board  Government  Barges  in  the 

Missouri  River. 
Rock  Excavation,  Falls  of  the  Ohio  River,  at 

Louisville,  Kentucky. 
For  Repair  of  Buffalo  Breakwater,  opened  at 

United  States   Engineer's   office,  Oswego, 

N.  Y.,  July  30th,  1885. 
Hnproving  Approach  to  Norfolk  Harbor  and 

the  United  States  Norfolk  Navy  Yard,  Vir- 
ginia. 
Improving  Broadkiln  River,  Delaware. 
Maneuvering  Boat  for  Davis'  Island  Dam. 
Dredging  Moose-a-bec  Bar,  Maine. 
Dredging  in  Bangor  Harbor,  Maine. 
Preliminary    Report   of   the  Committee  on 

Transportation  Routes  to  the  Seaboard. 
Report  relative  to  the  Expenditures  for  Riv- 
ers and  Harbors. 
A  set  of  detail  drawings  and  twelve  views 

of  the  St.  Mary's  Falls  Canal  and  Locks, 

Michigan. 

From   New   York   Meteorological    Ob- 
servatory. Dr.  Daniel  Draper,  Direct- 
or, Central  Park,  New  York  City: 
Abstracts  of  Registers   from   Self-Recording 
Instruments,  December,  1884;  also  for  the 
year  ending  December  31st,  1884;  also  Jan- 
uary, February,  March,  April,  May,  June, 
July  and  August,  1885. 

From  New  York  State  Board  of  Health, 
Albany,  N.  Y.: 
Monthly   Bulletin,  February   to   August,  in- 
clusive. 

From    Wm.  Ripley    Nichols,    Boston, 
Mass.; 
Contributions  to  our  Knowledge  of  Sewage. 
Wm.  Ripley  Nichols. 

From  Hon.  Joseph  Nimmo,  Jr.,  Chief  of 
Bureau    of   Statistics,    Washington, 
D.  C: 
Report   on   the   Internal   Commerce   of   the 
United  States  for  1884. 
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From  Edward  P.  North,  New  York  City : 
Testimony  of  Egbert  L.  Viele  in  the  Matter 
of  the  Petition  of  the  New  York  Cable 
Railway  Company.  Also  Testimony  of  E. 
Ogden  Doremus  in  the  same  case. 
The  Proceedings  of  the  Meeting  of  the  Ex 
ecutive  Committee  of  the  Western  Water- 
ways, held  at  Willard's  Hotel,  Washington, 
D.  C,  January  13th,  14th,  1885. 

From  the  North  of  England  Institute 
of    Mining    and    Mechanical    Engi- 
neers.   Theo  Wood  Bunning,  Secre- 
tary, Newcastle-on-Tyne: 
Transactions,  Vol.  LXXXIV,  1885.  Part  II. 
An  account  of  the  Strata  of  Northumberland 
and   Durham,  as  proved  by  Borings  and 
Sinkings. 

From   Richard   B.   Osborne,   Philadel- 
phia: 
Select  Plans  of  Engineering  Structures   for 
Railroads  and  Highways. 

From  Charles  Paine,  Cleveland,  Ohio: 

Fifteenth  Annual  Report  of  the  Lake  Shore 

and  Michigan  Southern  Railway  Company 

for  the  fiscal  year  ending  December  31st, 

1884. 

From  M.  S.  Perisse,  Paris,  France: 
Le  Bronze  Conference  faite  le  22  Mars,  1885, 
au     Conservation    Natural    des    Arts    et 
Meteers. 

From    Peter    A.    Peterson,    Montreal, 
Canada: 
Five  Photographs  of  Bridges  on  the  Canadian 
Pacific  Railroad. 

From  H.  V.  and  H.  W.  Poor,  New  York 
City: 
Manual  of  the  Railroads  for  1885.  Eighteenth 
Annual  Number. 

From  M.  E.  Pontzen,  Paris,  France: 
Pile-Driving  Improvement. 
La  Seine  Maritime,  et  son   Estnain  E.  La- 
voinne    Ingenieur  en  Chief  des  Ponts  et 
Chaussees. 

From  Richard  Potts,  Chicago,  111.: 
Ninth  Annual  Report  of  the  Department  of 
Public  Works  of  the  City  of  Chicago,  111., 
lor  the  fiscal  year  ending  December,  1884. 
From    Hon.    J.    W.    Powell,    Director 
United    States    Geological    Survey, 
Washington,  D.  C: 
Bulletin  of  the  United  States  Geological  Sur- 
vey, Nob.  2,  3,  4,  5  and  6. 

From  Franklin  C.  Prindle,  Bloomfield, 
N.  J.: 
Geological  Survey  of  Newfoundland. 

From  Rensselaer  Society  of  Engineers. 
Montgomeiy      Waddell,      Secretary, 
Troy,  N.  Y.: 
Transactions.     Vol.  I,  No.  2, 

From    William    E.    Rogers,    Railroad 
Commissioner,  Albany,    N.    Y.: 
Second  Annual  Report  of  the  Board  of  Rail- 
road Commissioners  of  the   State  of  New 
York  for  the  fiscal  year  ending  September 
30th,  1884,  Vol.  II,  January  12th,  1885. 

From  Andrew  Rosewater,  Omaha.Neb.: 
Annual  Report  of  the  City  Engineer  of  the 
City  of  Omaha,  Neb.,  April  1st,  1884,  to 
April  1st,  1885. 
Proceedings  of  the  Nebraska  Association  of 
Engineers  and  Surveyors,  held  at  Lincoln, 
March  26th  and  27th,  1884,  and  January 
13th  and  14th.  1885. 


From  the  Royal  Technical  High  School 
of  Hanover,  Germany: 
Catalogue  of  Studies  for  the  year  1885-86. 

From  James  Ryan,  Secretary  Board  of 
Water  Commissioners,  Buffalo,  N.Y.: 
Sixteenth  Annual  Report  of  the  Buffalo  City 
Water-works,  Buffalo,  N.  Y.,  for  year  1884. 
From    D.    C.    Sanford,    New    Haven, 
Conn.: 
Proceedings  of  the  First  Annual  Meeting  of 
the  Connecticut  Association  of  Civil  En- 
gineers and  Surveyors,  held  at  New  Haven, 
Conn.,  January  13,  1885. 

From  Collingwood  Schreiber,  Ottawa, 
Canada: 
Railway  Statistics  of  Canada;  and  Capital, 
Traffic  and  Working  Expenditure  of  the 
Railways  of  the  Dominion  for  1883-84;  also 
Map  showing  the  Railways  of  Canada,  to 
accompany  Annual  Report  on  Railway 
Statistics,  1884. 

From     Second    Geological    Survey    of 
Pennsylvania: 
Geological  Atlas  of  Counties.      Atlas   of  the 

Northern  Anthracite  Field.  Part  I. 
Perry  County.  Part  I  Geology. 
Printed  Map  of  the  Oil  Region  of  Western 
Pennsylvania  and  Southwestern  New  York, 
showing  the  general  outlines  of  all  produc- 
ing areas  discovered  prior  to  July,  1884. 
Charles  A.  Ashburner,  Asst.  Geologist. 

From    Societe   des    Ingenieurs  Civils, 
Paris: 
Memoires,  May,  1885. 

From  C.  Sproutt,  City  Engineer,  To- 
ronto, Canada: 
Report  of  the  City  Engineer  of  Works— per- 
formed and  expenditure  for  the  same — for 
the  year  ending  December  31st,  1884 

From  Robert  B.  Stanton.  Denver,  Col- 
orado: 
Report  of  the  Committee  on  Building  Stone 
of  the   State   of    Colorado,   July   3d,  1884, 
embracing  the  Report  and  Tables   of  the 
Denver  Society  of  Civil  Engineers  and  of 
Prof.  Regis  Chauvenet. 
A   Report  by   a   Special   Committee   of   the 
Colorado  Scientific  Society  on  the  Artesian 
Wells  of  Denver. 
Four  Photographs  taken  at  different  points 
on  the  U.  P.  Ry.,  Denver,  Col.,  as  follows: 
The  Loop  between  Georgetown  and  Silver 

Plain,  Col. 
Two   different  views  of   the   Loop   near 

Georgetown,  Col. 
The   High    Bridge    in    the    Loop    near 
Georgetown,  Col. 

From  Simon  Stevens.  New  York  City  : 
Letter  to  the  Chamber  of  Commerce  relative 
to   the   Water  Front  of  the   City  of   New 
York. 

From  Charles  L.  Stevenson,  Salt  Lake 
City,  Utah: 
Application  for  a  Water  Supply  made  to  the 
City  Council  of  Salt  Lake  City,  Utah, 

From  Julius  H.  Striedinger,  New  York 
City: 
Table  of  Tides  at  Port  of  Panama  for  the 
year  1885. 

From  Hon.  E.  Sweet,  State  Engineer, 
Albany,  N.  Y.: 
Report  of  the  State  Engineer  on  the  Canals 
of  New  York  for  1884;  also  Map  of  Erie  and 
Champlaln  Canals,  State  of  New  York. 
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From  Lucian  A.  Taylor,  Water  Com- 
missioner, Worcester.  Mass.: 
Annual  Report  of  the  Committee  on  Water, 
tbe  Water  Commissioner  and  Water  Regis- 
trar of  the  City  of  Worcester  for  the  year 
ending  November  30th,  1884. 

From   Robert  H.  Thurston,   Hoboken, 

N.J,: 

An  Address  of  R.  H.  Thurston,  delivered  at 

tbe  Philadelphia  Meeting  of  tbe  American 

Association  of  Science  on  September  5th, 

1881. 

From  John  C.  Trautwine,  Jr.,  Philadel- 
phia, Pa.: 
The  Civil  Engineers'  Pocket  Book  for  1885. 

From  J.  Nelson  Tubbs,  Rochester,  N. 
Y.: 

Fifth  and  Sixth  Annual  Report  of  the  Execu- 
tive Board  of  the  City  of  Rochester,  N.  Y., 
for  the  year  ending  April  4th,  1881-82. 

Eighth  Annual  Report  of  the  Executive 
Board  of  Rochester,  N.  Y.,  for  the  year 
ending  April  7th,  1884. 

From  United    States  Geological    Sur- 
vey, Washington,  D.  C: 

Silver  Lead  Deposits  of  Eureka,  Nevada. 
Joseph  S.  Curtis. 

Monographs  of  the  U,  S.  Geological  Survey. 
Vols.  Ill  and  IV. 

The  Copper-Bearing  Rocks  of  Lake  Superior. 
Rowland  Duer  Irving. 

Atlas  to  accompany  the  Geology  of  the 
Comstock  Lode  and  the  Washoe  District. 

Third  Annual  Report  of  the  United  States 
Geological  Survey  to  the  Secretary  of  the 
Interior.     1881-82.     J.  W.  Powell. 

Contributions  to  the  Knowledge  of  the  Older 
Mesozoic  Flora  of  Virginia. 

From  Robert  Van    Buren,    Brooklyn, 
N.  Y.: 
Annual  Report  of  the  Department  of  City 
Works  made   to  the  Common   Council  of 
the  City  of  Brooklyn  for  the  year  1884. 

From  U.  S.  Naval  Institute,  Annapolis, 
Md.: 
Proceedings.    Vol.  XL 

From  B.  Verohn,  New  York  City : 
Resultate  aus  den  Theorie  des  Bruckenbaus 
und  Deren  Anwendung.     Durch  Beispiele 
erlautert  von    R.   Krohn.     II  Abtheilung 
Bogenbrlicken.     Vols.  I  and  II. 

From  Leveson  Francis  Vernon-Har- 
court,  London; 
Harbors  and  Docks,  their  Physical  Features, 
History,  Construction,  Equipment  and 
Maintenance,  with  statistics  as  to  their 
commercial  development.  L.  F.  Vernon- 
Harcourt.  Oxford,  1885.  Vol.  I,  Text. 
Vol.  II,  Plans. 

From  Jos.  Waltz,  Dayton,  Ohio: 
Fifteenth  Annual  Report  of  the  Trustees  of 
the  Dayton  Water-works  for  the  year  end- 
ing December  31st,  1884. 

From  Arthur  M.  Wellington,  New  York 
City  : 
The  Car  Builders'  Dictionary  for  1884. 

From  Edmund  B.  Weston,  Providence, 
R.  I.: 
Bulletin  of  the  New  England  Meteorological 
Society,  February,  1885. 

From  Samuel  Whinery,  Somerset,  Ky. : 

Report  of  the  Engineer  and  the  Committees 

in  regard  to  the  Proposed  Bridge  over  the 

Tennessee  River  at   Chattanooga,  also  the 

Law  Affecting  the  Building  of  Bridges. 


From  F.  Cope  Whitehouse,  New  York 
City: 
The  Pyramid  Hill  of  Gizeh.     F.  Cope  White- 
house. 

From    John    Whitelaw,     Cleveland, 
Ohio: 
Twenty-third   to  the  Twenty-eighth   Annual 
Reports,  inclusive,  of  the  Trustees  of  the 
Water- works  of  the  City  of  Cleveland,  Ohio. 
From  Thomas  J.  Whitman,  St.  Louis, 
Mo.: 
Report  of  the  Board  of  Public  Improvements 
on   Proposed  Extension   of  the  St.   Louis 
Water-works,    St.    Louis,    July,    1885     (2 
copies). 

From  John  Wiley  &  Sons,  New  York 

City: 

A  Manual  of    the  Theory  and    Practice  of 

Topographical  Surveying  by  means  of  the 

Transit  and  Stadia,  etc.  J.  B.  Johnson,  C.E. 

From  Wilson  Brothers    &  Co.,  Phila- 
delphia: 
Catalogues  of  Works  Executed,  Accompanied 
by  Illustrations. 

From  C.J.  H.  Woodbury,  Boston: 
A  Paper  on  the  Automatic  Sprinklers  for  Pro- 
tection against  Fires.     C.  J.  H.  Woodbury. 

From  Herrn  Prof.  Dr.  Wullner,  Rector 
dertechnischen  Hoc hschule, Aachen, 
Prussia: 
Der  Reibungswinkel.    Gustav  Herrmann. 
Ueber  Benzarsinsiiuren  und  deren  Derivati. 

Dr.  W.  La  Coste. 
Die    Specifische     Warme    Fliissiger    Organ- 

ischer  Verbindungen  und  ihre  beziehung 

zu   Deren  Moleculargewicht.       M.  A.  Von 

Reis. 
Die  Einfiihrung   des  ersten    Rektors  am  15 

November,  1880,    und  die    Ubergabe    des 

Rektorates  am  2  Juli,  1883. 
Programme   der   Koniglichen    Technischen 

Hochschule  zu  Aachen  fur  das    Studien- 

jahr,  1884-85. 

From  other  Sources: 

Report  to  the  Stockholders  of  tbe  Missouri 
Pacific  Railway  Company  Leased  and  Oper- 
ated Lines,  and  the  Texas  and  Pacific 
Railway  Company  for  the  year  1884. 

First  Annual  Report  of  the  Commissioner  of 
Navigation  for  the  year  1884. 

Report  of  the  Secretary  of  War,  Vol.  Ill,  1883- 
84. 

Annual  Report  of  the  Secretary  of  the  Ameri- 
can Iron  and  Steel  Association,  giving 
Statistics  of  the  American  and  Foreign 
Iron  Trades  for  1884. 

N.  Y.  Supreme  Court.  In  the  Matter  of  the 
Petition  of  the  New  York  Cable  Railway 
Company  in  regard  to  Points  for  the 
Petition  First  Powers  of  the  Mayor's  Com- 
mission. 

Description  of  the  Automatic  and  Water 
Regulating  Floodgate  Patented  in  all 
Countries. 

Report  of  the  Commissioners  of  the  State 
Reservation  at  Niagara. 

The  Fallacy  of  the  Present  Theory  of  Sound. 
Henry  A.  Mott,  Jr. 

Fourth  Annual  Report  of  the  Chicago,  St. 
Paul,  Minneapolis  and  Omaha  Railway 
Company  for  the  year  ending  December  31, 
1884. 

Pamphlet  on  Architecture  Simplified;  or. 
How  to  Build  a  House. 
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Transportation  Lines  owned,  leased  and  con-  Flat,  Blue,  Grand  and  Spring  Valley  Mining 

trolled  by  the  Pennsylvania  Railroad  Com-  and  Irrigating  Company's  Property. 

pany  on  the  1st  day  of  January,  1885.  Programm    der    Kbniglichen     Technischen 

The  Manual  of  Statistics,  Vol.   XI,   July  5,  Hochschulezu  Aachen  fur  das  Studienjahr, 

1885.  1885-86. 

Abstracts  of  the  Proceedings  of  the  Society  Nouveau  Procede  pour  L'impregnation  du 

of  Arts  for  the  Twenty-third  year  1884-85.  Bois.  M.  E.  Pontzen. 

Reports  on  the  Spring  Valley  Hydraulic  Gold  Neues  Verfahren  um  Holz  zu  Impragniren. 

Mining  Company.coinprising  the  Cherokee,  M.  E.  Pontzen. 


LIST    OF    MEMBERS. 


ADD ITI ONS  . 


Bate  of  Election . 

Heald,  Simpson  Claek 492  Main  st.,  Worcester,  Mass.  .Nov.  4,  1 885. 

Latham,  Haeby  Htjbbaed 180  Dearborn  st.,  Chicago,  111. .  .Dec.  2,    1885. 

Leayttt,  Frank  McDowell.  ..  .17  Adams   st.,  Brooklyn,  N.  Y. .     "      "      " 

Macy,  Aethue (Elected  Junior  July  12,    1877), 

Superintendent  Silver  King 
Mining  Company,  Silver  King, 
Arizona "      "      " 

Maxim,  Hibam  Stevens 57D    Hatton     Garden,     London 

England Oct.    7,   1885. 

Pou,  Abthub Chief  Engineer  Savannah,  Dub- 
lin and  Western  Short  Line 
R.  E.,  Dublin,  Ga Dec.   2,   1885. 

Richardson,  Thomas  Feanklin,  Division      Engineer,      Chicago, 

Burlington  &  Northern  R.  R., 
Clayton,  Iowa Nov.  4,   1885. 

CHANGES     AND     COEBECTIONS. 

MEMBEES. 

Babnabd,  Augustus  P 37  West  Ninth  st.,  New  York  City. 

Billin,  Charles  E 115  Dearborn  st.,  room  G3,  Chicago,  111. 

Blaisdell,  Anthony  H U.  S.  Assistant  Engineer  Missouri  River  Com- 
mission, St.  Louis,  Mo. 

Bbiggs,  Roswell  E Fairhaven,  Mass. 

Bbodhead,  Calvin   E Flemington,  N.  J. 

Bryson,  Andrew Principal  Assistant  Engineer  Kings  Co.  Ele- 
vated R'y,  26  Court  st.,  Brooklyn,  N.  Y. 

Cartwright,  Robert Stamford,  Conn. 

Colton,  Oeen  B 2009  Wallace  st.,  Philadelphia,  Pa. 

Constable,  Casimib 44  Exchange  place,  New  York  City. 

Elliott,  Geoege  H P.  0.  Box  217,  Norfolk,  Va. 
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Engle,  Robeet  L Assistant  Chief  Engineer  Chicago,  Burlington 

and  Northern  R.  E.,  St.  Paul,  Minn. 

Goedon,  Robeet Rangoon,  Burmah. 

Hoyt,  William  E Chief  Engineer  Buffalo,  Rochester  and  Pitts- 
burgh R.  R.,  Rochester,  N.  Y. 

Hunt,  Randell Engineer  in  charge  Chippewa  Bridge,  Chicago, 

Burlington  and  Northern  R.  R.,  Wabasha, 
Minn. 

Maee,  Geoege  A U.  S.  Engineer's  Office,  Rock  Island,  111. 

McCollom,  Thomas  C Civil   Engineer   U.    S.   N.,  U.  S.  Navy  Yard, 

New  York. 

McKee,  Chaeles  H (Care  Rogers,  Shanley  &  Farrell),  High  Bridge, 

N.  Y. 

Metcalt,  William 136  First  ave.,  Pittsburgh,  Pa. 

Millee,  Reuben 136  First  ave.,  Pittsburgh,  Pa. 

Paine,  William  H Tenth  Ave.  Cable  R.  R.,  Tenth  ave.  and  One 

Hundred  and  Twenty-eighth  st.,  New  York 
City. 

Phinney,  Heney  W.  B 622   East   One   Hundred   and   Forty-first  st., 

New  York  City. 

Pole,  Geoege  W Assistant  Land  Commissioner  Southern  Pa- 
cific Co.,  Atlantic  System,  Houston,  Texas. 

Ross,  James Chief  Engineer  and  Manager  of  Construction 

Mountain  Division  Canadian  Pacific  R'y. 
(General  offices  C.  P.  R.  R.),  Montreal,  Can- 
ada. 

Sandebson,  J.  Gaednee Sanderson  ave.,  Scranton,  Pa. 

Savage,  Albeet  C (Care  J.  W.  Shipman),  59  Tribune  Building, 

New  York  City. 

Shaxlee,  Robeet  A W.   G.   Coolidge   &  Co.,  36   Montauk    block, 

Chicago,  111. 

Smith,  Hamilton,  Jr 1  Pembridge  Crescent,  Notting  Hill,  W.,  Lon- 
don, England. 

Temple,  Robeet  H Chief  Engineer  Memphis,  Birmingham   and 

Atlantic  R'y,  Memphis,  Tenn. 

Teuesdell,  Chaeles Superintendent    Homer    and    Cortland    Gas 

Light  Co.,  Cortland,  N.  Y. 

Vooehees,  Theodoee Assistant  General  Superintendent  New  York 

Central  and  Hudson  River  R.  R.,  Grand 
Central  Depot,  New  York  City. 

Wildee,  Feancis  M Superintendent    Corliss    Steam   Engine   Co., 

Providence,  R.  I. 


Abbott,  Aethue  V 35  Broadway,  Room  100,  New  York  City. 

Blanc,  Feedeeice  N (Care   W.   H.  Gebhard),    21  Nassau   st.,   New 

York  City. 
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Darlington,  Frank  G Superintendent  Cincinnati   and  Muskingum 

Valley  Division,  Pittsburgh,  Cincinnati 
and  St.  Louis  R'y,    Zanesville,  Ohio. 

Gat,  Martin 107  West  Forty-first  St.,  New  York  City. 

Haines,  Caspar  W Second  Assistant  National  Argentine  Observa- 
tory, Cordoba,  Argentine  Republic. 

Starr,  Chandler  D 134  Second  ave.,  New  York  City. 

RESIGNATIONS. 
MEMBERS. 

Leach,  Smith  S .December  31,  1885. 

Yard-ley,  Edmund "         "         " 

associates. 

Watkins,  Charles  D December  31,  1885. 

death . 

Walton,  Louis  E Elected  Member  April  1,  1885.  Died  Novem- 
ber 9,  1885. 
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